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Space Transportation

The Space Shuttle has safely returned to flight and the primary program objective of the current budget is
completion of this recovery effort and conducting the planned flights in a safe and reliable manner, and
to provide for the necessary capabilities to fly the payloads scheduled for launch. The budget provides
for five flights in FY 1989 and nine flights in Fy 1990, ultimately leading to a capability of fourteen
flights per year. Design and development activities will continue in FY 1990 to complete those
activities associated with the redesigned solid rocket motor and to continue efforts to expand the
operating margins in the main engines and development of the Advanced Solid Rocket Motor (ASRM). The ASRM
is intended to improve the safety, reliability and performance of the Shuttle fleet. Development of
improvements to the Shuttle for extending the stay time in orbit will be continued with NASA seeking
private sector investment for elements of this program.

In other aspects of Space Transportation, the FY 1990 budget includes funding for procurement of Upper
Stages, the preparation of the Spacelab to resume flights in 1990, continued development of the Orbital
Maneuvering Vehicle, the Tethered Satellite System and the Advanced Launch System. Development of a dock-
ing module for use between the Shuttle and Space Station or other spacecraft requiring this capability
will be initiated, with private sector investment being pursued for the docking module development.
Funding for expendable launch vehicle services for selected Space Science and Applications missions
implementing Nasa’'s mixed fleet plan is included, as well as for other activities necessary to provide the
basis for a robust space transportation system.

Space Station

The Space Station Freedom program is the centerpiece of the Nation®s space program of the 1990s. The
Space Station will provide our First opportunity to gain direct experience in long term human operations
in space, and knowledge essential to future space exploration. It will enhance the U.S. space science
programs, further the commercial utilization of space, and stimulate the development and application of
advanced technologies of national importance. It is also an avenue of cooperationwith our allies,
demonstrating the peaceful use of space for the benefit of all. The Space Station Freedom has seen
significant progress during the past year. The development plan and configuration are firm and the
development contractors are making substantial progress. Negotiations with the international partners for
the development phase of the program were completed in the fall of 1988. Agreements have been signed with
the Canadian government and member countries of ESA, with a formal signing of the memorandum of
understanding with the Japanese government expected in the spring of 1989.

In addition to supporting the request for nearly $2.1 billion of new obligational authority in FY 1990

the Administration is proposing legislation for a three year Congressional commitment for advanced
authorization and appropriations of $8.5 billion including the FY 1990 amount. The Administration is also
proposing legislation to establish a total development program cost ceiling of $13.0billion (in 1984

AS 2



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
FISCAL YEAR 1990 BUDGET ESTIMATES

GENERAL STATEMENT

The National Aeronautics and Space Administration conducts space and aeronautical research, development
and flight activities for peaceful purposes designed to maintain United States preeminence in aeronautics
and space. The National Space Policy emphasizes continuing the national commitment to a permanently
manned Space Station, pursuing vigorous programs in space science and space technology, creating
opportunities for United States commerce in space and the long-range goal of expanding human presence and
activity beyond Earth orbit into the solar system. The priority given to the National Space Policy is
clearly demonstrated by the increased funding recommended for civil space programs in this budget.

The NASA rvy 1990 budget request of $13.3 billion supports the National Space Policy by providing the
resources necessary to support a vigorous national program ensuring leadership in areas critical to space
as well as continued preeminence in aeronautics. This budget concentrates on:

- Providing for safe and effective Space Transportation Operations and assured access to space using
both the Space Shuttle and Expendable Launch Vehicles;

- Moving forward in the establishment of a permanently occupied Space Station in Earth orbit;

Continuing an effective Space Science and Applications program to expand our knowledge of the Earth,
its environment, the solar system and the universe and human habitation of space;

- Strengthening the basic capabilities of NASA and developing the technology base €or future orbital
operations and exploration of space;

- Providing the facilities, technology and expertise necessary for superiority in civil and military
aviation;

Providing opportunities for commercialization of space through private sector participation including
investment in major civil space program activities, and for international cooperation in space.

The program elements outlined in this budget will provide a strengthened base for assuring and continuing
the United States’” role as leader in space and aeronautical research and development. Specific major
areas of emphasis are:
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dollars, adjusted for inflation and commercialization). In addition, consistent with the Administration’s
policy, NASA will be actively pursuing approaches to encourage private sector participation, including
investment, in the Flight Telerobotic Servicer capability, the Space Station docking system and future
requirements for the Space Station, including those under study, ¢.g., Solar Dynamic Power and equipment
to utilize the Space Station. Funding is included to initiate the development of a radar to track and
monitor small size orbital debris.

Space Science and Applications

The FY 1990 budget provides for a carefully coordinated and logically phased set of research and
development activities to:

- Advance our scientific knowledge of Earth and of the forces and systems that shape our planet;

- Explore the solar system using automated spacecraft in conjunction with ground-based observations and
research;

Expand our comprehension of the universe beyond the solar system using the full range of capabilities
from Explorer spacecraft to the orbiting Great Observatories;

- Increase our knowledge in the Life Sciences on key issues ranging from human performance and
habitation in space to the basic life processes and the potential of life elsewhere in the universe;
and

- Understand and develop the potential benefits of the microgravity environment in materials sciences
and other applications.

The Space Science and Applications program is ready to take full advantage of the resumption of access to
space through the Shuttle and Expendable Launch Vehicles services. Current planning supports launch of
Magellan and Galileo in 1989, launch of the Hubble Space Telescope in late 1989, and launch of Ulysses and
the Gamma Ray Observatory in 1990. The Cosmic Background Explorer and Roentgen Satellite are scheduled to
be launched on Delta expendable launch vehicles in 1989 and 1990, respectively. Development continues on
the Gamma Ray Observatory, the Upper Atmosphere Research Satellite, the Mars Observer, the Ocean
Topography Experiment, the Global Geospace Science Mission, the Collaborative Solar Terrestrial Research
program and mirror and science instrument development in preparation for the start of the Advanced X-ray
Astrophysics Facility spacecraft in 1992. Development and Integration activity continues in preparation
for future Spacelab missions and for secondary payloads to conduct microgravity and life sciences
experiments. Funds are also included to initiate design and development of the Comet Rendezvous/Asteroid
Fly-by/Cassini missions. These missions will send one spacecraft to study at close range a comet and its
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total environs and a second spacecraft to study the planet Saturn, its atmosphere, rings and its moon,
Titan. This project will include participation by the Federal Republic of Germany and the European Space
Agency. Funding is also included to continue data processing and investigations from the Voyager 1 and 2
spacecrafts as they leave the solar system. These spacecraft will gather data on the interstellar fields
and particles unaffected by the solar plasma.

Commercial Activities

The FY 1990 budget supports development of the private sector innovative excellence and confirms NASA®s
commitment to encouraging a healthy and expansive commercial space industry. Funding is included for the
integration of a commercially developed space facility into the Shuttle and, in future years, lease of
space for government payloads. NASA plans to procure launch services from the private sector for a number
of important scientific satellite missions. Commercially-developed upper stages are being used where
appropriate for planned missions. Commercial microgravity experiments to be conducted as secondary
payloads are manifested on planned Shuttle missions. NASA will actively pursue approaches to encourage
the private sector to invest in elements of several NASA programs, including the Flight Telerobotic
System, the Extended Duration Orbiter, and the Space Station Docking System. There are several
initiatives underway to involve the private sector in developing the infrastructure necessary for research
and manufacturing in space, and NASA strongly supports these initiatives. An agreement was concluded in
FY 1988 to provide launch services on a deferred payment basis for the commercially developed "Spacehab"
microgravity facility which will fly on the Shuttle, and an agreement has been signed with the University
Corporation for Atmospheric Research for use of the Shuttle external tanks.

Space Research and Technology

This program develops the technology base on which our current and future capabilities in space depend.
The Civil Space Technology Initiative started in FY 1988, and the Pathfinder program started in ry 1989
will develop technology requirements for future missions and significantly enhance current capabilities to
access and operate in space at greatly reduced overall mission costs. The in-space flight experiments
technology program is also included as a new initiative. This program provides for the development and/or
demonstration of critical technologies which require the actual space environment and will provide
precursor information for the development of advanced technology experiments to be flown on the Space
Station.

Aeronautics Research and Technology

The goal of the Aeronautics program is to provide a technology base for the continued U.S. preeminence in
the field of aeronautics. This is accomplished by maintaining a broad based research and technology
program utilizing advanced facilities, laboratories, computers and technical staff, with extensive
involvement of the U.S. university and industrial sectors.
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The FY 1990 Research and Technology program is committed to developing the technology to improve our
nation®s competitiveness and product superiority in the international marketplace, enhancing the safety of
aviation, and increasing U.S. leadership in aviation for national security. A funding augmentation is
included for high-speed research which will focus on resolution of the critical environmental issues
concerning ozone depletion, airport noise and sonic booms to make informed decisions on high-speed
aircraft development in the future.

Transatmospheric Research and Technology

The NASA efforts in this area are aimed at accelerating the development of critical technologies intended
to enable a potential new class of vehicles in the future capable of flight to orbit and/or hypersonic
cruise. Work will continue in the development of technology for hypersonic and transatmospheric vehicles
for the National Aerospace Plane program with emphasis on lightweight thermal structures and subsonic and
supersonic propulsion. Potential future applications include vehicles to transport people to orbit,
hypersonic transport between points on Earth and military defense.

Space and Ground Network. Communications and Data Systems

The FY 1990 budget provides vital tracking, telemetry, command, data acquisition, communications and data
processing support to meet the requirements of all NASA flight projects. Work will continue on the
replacement Tracking and Data Relay Satellite (TDRS) spacecraft and on the Second TDRSS Ground Terminal
both of which are vitally needed to insure continuity of tracking support

University Space Science and Technology Academic Program

This new budget line item provides for continuation of agency-wide university and minority university
programs previously budgeted in other NASA programs. FY 1990 funding will support graduate and
undergraduate student fellowships, faculty fellowships, the historically black colleges and university
research program, other minority universities, and the Space Grant College and Fellowship program.

Work Force Capability

The NASA institutional capability is the underpinning for the successful accomplishment of the nation®s
aeronautics and space programs. The FY 1990 budget provides funding for an increase in civil service
people who are urgently required to meet the staffing levels associated with Space Station and to
strengthen NASA®s science and engineering core workforce. Hands on work in-house gives NASA the knowledge
to manage the 85 percent of NASA"s work that is contracted to private industry, and the ability to respond
quickly to management or technical problems as they occur.
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Construction of Facilities

The FY 1990 budget provides funding for construction of new facilities as well as the maintenance and
repair of the NASA physical plant. The principal projects planned for FY 1990 include facilities needed
for space flight, Space Station, space technology, and space science and applications activities,
continuation of the multiyear effort to restore and modernize NASA’s aeronautical research and development
facilities and support of minor projects and future planning activities. Private sector financing will be
sought for the Neutral Buoyancy Laboratory at the Johnson Space Center, the Space Station processing
facility at the Kennedy Space Center, the Advanced Solid Rocket production and test facility, and the
Observational Instruments Laboratory at the Jet Propulsion Laboratory.
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

FY 1990 BUDGET SUMMARY
(Millions of Dollars)

Budget Plan

1988 1989 1990

RESEARCH AND DEVELOPMENT 3.254.9 4.266.6 5,751.6
Space station 392.3 900.0 2,050.2
Space transportation capability development 593.4 681.0 639.0
Space science and applications 1,581.8 1,830.2 1,995.3
Technology utilization 19.0 16.5 22.7
Commercial use of space 29.7 28.2 38.3
Aeronautical research and technology 332.9 404.2 462.8
Transatmospheric research and technology 52.5 69.4 127.0
Space research and technology 221.3 295.9 338.1
Safety, reliability and quality assurance 14.1 22.4 23.3
University space science and technology academic program (21.6) (22.3) 35.0
Tracking and data advanced systems 17.9 18.8 19.9
SPACE FLIGHT. CONTROL AND DATA COMMUNICATIONS 3.805.7 4.464.2 5.139.6
Shuttle production and operational capability 1,092.7 1,128.2 1,305.3
Space transportation operations 1,833.6 2,390.7 2,732.2
Space and ground networks, communications and data systems 879.4 945.3 1,102.1
CONSTRUCTION OF FACILITIES 178.3 275.1 341.8
RESEARCH AND PROGRAM MANAGEMENT 1,762.2 1.891.6 2.032.2
INSPECTOR GENERAL (7.1) (8.6) 8.8
TOTAL BUDGET SUMMARY 9.001.1 10.897.5 13.274.0
OUTLAYS 9.091.6 10.678.0 12.706.8
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FISCAL YEAR 1988
Appropriation P. L. 100-202
Reappropriation P L. 100-202
Recission P. L 100-404
Transfer between accounts
Transfer belwees Fed Agencies
Laps

Total Budget Plan

FISCAL YEAR 1989

Appropriation P. L. 100-404
Transfer between accounts
Transfer between Fed Agencies

Total Budgat Plan

FISCAL YEAR 1990

Appropriation Request/Budget Plan

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
FISCAL YEAR 1940 ESTIMATES
SUMMARY RECONCILIATION OF APPROPRIATIONS TO BUDGET PLANS

(Mi Hlions of Dollars)

Research
and

TOTAL Development
8,856.95 3.214.2
100.0 100.0
-25.0 -25.0
0.0 -159.4
70.0 65.1
-0.4 .--
9,001.1 3,254 8
10,701.0 A 1017
0.0 ---
1965 149
10,8975 4,266.6
13,274.0 5,791 6

SFCLOC

REPM

Inspector
Generat
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NATIONAL AERONAVTICS SPACE ADMINISTRATION

FISCAL YEAR 1090 ESTINATES

SUMNARY OF BUDGET PUANS OV INSTALLATION BY APPROPRIATION

(Thouszads of Deollars)
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DISTRIBUTION OF PERMAMENT CIVIL SERVICE WORKYEARS BY INSTALLATION

1989
------------------------- 1990
1988 BUDGET CURRENT BUDGET

ACTUAL ESTIMATE ESTIMATE ESTIMATE

JOHNSON SPACE CENTER......... 3,302 3,460 3,463 3,605

KENNEDY SPACE CENTER......... 2,167 2,324 2,331 2,357

MARSHALL SPACE FLIGHT CENTER. 3,351 3,461 3,481 3,607

STENNIS SPACE CENTER......... 140 169 166 174

GODDARD SPACE FLIGHT CENTER.. 3,585 3,584 3,618 3,651

AMES RESEARCH CENTER......... 2,065 2,068 2,007 2,153

LANGLEY RESEARCH CENTER...... 2,811 2,812 2,835 2,888

LEWIS RESEARCH CENTER........ 2,640 2,646 2,664 2,743

HEADQUARTERS . .. .o v i v e aean st 1,320 1,416 1,403 1,431

INSPECTOR GENERAL............ 119 151 136 0
SUBTOTAL, FULL-TIME PERMANENT

WORKYEARS 21,600 22,081 22,194 22,609
OTHER THAN FULL-TIME PERMANENT

WORKY EARS 682 726 738 743

SUBTOTAL, CEILING CONTROLLED FTE 22,182 22,807 22,932 23,352

SPACE STATION (RESTON, VA) 144 143 218 348

TOTAL, CEILING CONTROLLED FTE 22,328 22,950 23,150 23,700

- - - ey oo - -
sasszas===s=2 sZsS=ss=s=es= a=s=zszz===2 =3==s==2=2==22

NOTE: THE INSPECTOR GENERAL'S OFFICE WAS GRANTED ITS OWN APPROPRIATION, THUS 1@ WORKYEARS (146}
WILL NOT APPEAR IN FY 1990 TOTALS
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NATIONAL AERONAUTICS AND SPACE_ADMINISTRATION
FY 1990 MULTI-YEAR BUDGET ESTIMATES
(IN MILLIONS OF REAL YEAR DOLLARS)

As directed by _the NASA FY 1989 Authorization Law (P.L. 100-685), the followi?é table contains

the budget estimates for FY 1990, 1991 and 1992 to implement the President®s 1990 program:

1989 1990
1988 CURRENT BUDGET 1991 1992
ACTUAL ACTUA] ESTIMATE ESTIMATE ESTIMATE

RESEARCH AND DEVELOPMENT 3255 4267 5752 7013 1682
SPACE STATION 392 a00 2050 2981 3494
SPACE TRANSPORTATION CAPABILITY DEV 593 881 839 893 849
PHYSICS & ASTRONOMY 614 734 895 988 1112
LIFE _SCIENCES 72 78 124 154 151
PLANETARY EXPLORATION 328 417 397 470 591
SPACE APPLICATIONS 568 601 580 518 500
SPACE SCIENCE AND APPLICATIONS 1582 1830 el 2130 2385
TECHNOLOGY UTILIZATION 19 17 23 23 21
COMMERCIAL USE OF SPACE 30 28 38 53 52
COMMERCIAL PROGRAMS 49 45 a1 18 13
AERONAUTICAL RESEARCH & TECHNOLOGY 333 404 483 502 831
TRANSATMOSPHERIC RESEARCH & TECH 53 10 127 119 12
SPACE RESEARCH & TECHNOLOGY 221 298 338 430 420
SAFETY, RELIABILITY AND QUALITY ASSURANCE 14 22 23 24 24
UNIVERSITY SPACE SCIENCE AND
TECHNOLOGY ACADEMIC PROGRAM 22 (22) 35 38 41
TRACKING AND DATA ADVANCED SYSTEMS 18 19 2Q 21 22
SPACE FLIGHT, CONTROL & DATA COMMUNICATIONS 3806 4464 2140 S171 2818
SHUTTLE PROD & OPERATIONAL_CAP 1093 1128 1305 1303 1368
SPACE TRANSPORTATION OPERATIONS 1806 2305 2563 2495 2678
EXPENDABLE LAUNCH VEHICLES 28 86 170 214 242
SPACE & GROUND NETWORK, COMM AND
DATA SYSTEMS 879 945 1102 1159 1228
CONSTRUCTION OF FACILITIES 1178 215 342 350 2350
RESEARCH AND PROGRAM MANAGEMENT 1762 1892 2032 2092 2114
INSPECTOR GENERAL an [€)) 9 a 9
TOTAL NASA 2001 10898 13274 14635 15671

|
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
RESEARCH AND DEVELOPMENT
FISCAL YEAR 1990 ESTIMATES
GENERAL STATEMENT

The objectives of the National Aeronautics and Space Administration program of research and development
are to extend our knowledge of the Earth, its space environment, and the universe; to expand the
technology for practical applications of space technology; to develop and improve manned and unmanned
space vehicles; and to assure continued development of the long-term aeronautics and space research and
technology necessary to accomplish national goals. These objectives are achieved through the following
elements:

SPACE STATION: A program to develop a United States space station to continue the Nation’s leadership in
space and to provide for enhancement of science and applications programs and to further the commercial
utilization of space while stimulating advanced technologies.

SPACE TRANSPORTATION CAPABILITY DEVELOPMENT: A program to provide for the development and use of
capabilities related to the Space Shuttle. The principal areas of activity in Space Transportation
Capability Development are efforts related to the development and flight certification of the jointly
developed U.s./Italy Tethered Satellite System, development of the Orbital Maneuvering Vehicle,
development and operations of the Spacelab systems, the development and procurement of upper stages that
place satellites in high altitude orbits, the engineering and technical base support at NASA centers,
payload operations and support equipment, advanced launch system technology development and study
activities, and advanced programs study and evaluation efforts.

SPACE SCIENCE AND APPLICATIONS: A program using space systems, supported by ground-based and airborne
observations: (1) to conduct a broad spectrum of scientific investigations to advance our knowledge of the
Earth and its space environment, the Sun, the planets, interplanetary and interstellar space, the stars of
our galaxy and the universe; and (2) to identify and develop the technology for the useful applications of
space techniques in the areas of advanced communications satellite systems technology; materials
processing research and experimentation; and remote sensing to acquire information which will assist in
the solution of Earth resources and environmental problems.
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TECHNOLOGY UTILIZATION: The program includes activities to accelerate the dissemination to both the
public and the private sectors of advances achieved in NASA"s research, technology, and development
program.

COMMERCIAL USE OF SPACE: A program to increase private sector awareness of space opportunities and
encourage increased industry investment and participation in high technology, space-based research and
development.

AERONAUTICS AND SPACE TECHNOLOGY: A program to conduct the fundamental long-term research and to develop
the discipline and systems technology required to maintain United States leadership in aeronautics and
space.

SAFETY. RELIABILITY. AND QUALITY ASSURANCE: A program to enhance the safety and technical execution of
NASA programs.

TRACKING AND DATA ADVANCED SYSTEM: This program includes activities to perform studies and provide for
the development of systems and techniques leading to improve tracking and data program capabilities.

UNIVERSITY SPACE SCIENCE AND TECHNOLOGY ACADEMIC PROGRAM: This program includes activities to support
agency-wide university and minority university programs.
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
RESEARCH AND DEVELOPMENT
EISCAL YEAR 1990 ESTIMATES

1988

Actual

SPACE STATION 392.3
SPACE TRANSPORTATION CAPABILITY DEVELOPMENT _593.4
SPACE SCIENCE AND APPLICATIONS 1581.8
Physics and astronomy.................. 614.4
Life sciences............coiiiiiiinnnn. 72.2
Planetary exploration.................. 327.7
Earth Sciences.................. .. ..., 389.2
Materials processing................... 62.7
Communications.............ccvvviiunnn. 94.8
Information systems.................... 20.8
COMMERCIAL PROGRAMS 48.7
Technology Utilization................. 19.0
Commercial use of space................ 29.7
AERONAUTICS AND SPACE TECHNOLOGY 606.7
Aeronautical research and technology. .. 332.9
Transatmospheric research and technology 52.5
Space research and technology.......... 221.3

SAFETY, RELIABILITY AND QUALITY ASSURANCE 14.1
UNIVERSITY SPACE SCIENCE AND TECHNOLOGY

ACADEMIC PROGRAMS 21.6
TRACKING AND DATA ADVANCED SYSTEMS 17.9
TOTAL 3254.9

1989 1990
Revised Current Budget
Budset Estimate Estimate
(Millions of Dollars)

967.4 900.0 2050.2
_631.1 681 0 639.0
1859.6 1830.2 1995.3

791.6 734.1 894.5

101.7 78.1 124.2

404.0 416.6 396.9

450.4 413.7 434.3

73.4 75.6 92.7
16.2 92.2 18.6
22.3 19.9 34.1
—57.9 —44.7 61.0
19.1 16.5 22.7
38.8 28.2 38.3
889.5 769.5 927.9
414.2 404.2 462.8
84.4 69.4 127.0

390.9 295.9 338.1

_22.4 22.4 23.3
22.3 (22.3) 35.0
18.8 18.8 19.9

4446.7 4266.6 5751.6
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

PROPOSED APPROPRIATION LANGUAGE

RxszaxcH AND Develorment
(INCLUDING RESCISSION OF FUNDS!

For necessary sxpenscs, NOt otherwise provided for, Including re-
search, development, operations, services, MiNOr construction, mainte-
nance, repair, rehabilitation and modification of real and personal
property; purchase, hire, maintenance, and operation Of other than
sdministrative aircralt, necessary for the conduct end support Of aero-
neutical and space research and development activities of the
National Aeronautics and 8pace Administration; [$4,191,700,000)
$5.751,600,000, 10 remain svailable until Seprember 80, [1990] J¥41,
of which [$800,000,000] $2,050.§00.000 is for tho [space station pro-
gram only: Provided, That $515,000,000 of the 800,000,000 for the
spscy station program shall not become availabie for obligation until
May 15, 1989, and pursusnt to section 202(b) 0fthe Balanced Budget
urd Emergency Defisit Control Reaffirmation ACt of 1987, this action
is a necessary (but sacondary) result of a significant policy change:
Provided further, That the aforementioned $515,000,000 shall become
available unless the President submits a special message after Febru-
ary 1, 1989, notifying the Congress that such funds will not be made
svailable for the space statica program.

Of tho funds appropriated under thin head I the Department of
Housing and Urban Development—Independent Agencies Appropria-
tionr Act, 1988 (H.R. 2783), ag enacted under the provision Of section
10140 of Public Law 100-202, an Act making further continuing ap-
propriations for the fiscal y cu ending September 30, 1988, 823,000,000
sre rescinded] Space Station Freedom. Further, for the Space Station
Freedom, $2,980,500,000 ia to bt auailable for obligation on Octaber 1,
1990 and ¢o remain available until September 30, 1992; and further,
for the Space Station Freedom. $3.494,400,000 to be available for 0bli-
gation on October 1, 1991 and to remain available until September 0.
1993: Provided, That for the Space Station Freedom revised baseline,
the funds appropriated for U.S. program development will not exceed
$13.0 billion in fiscal year 1984 terms, odjuated for inflation and
commercial participation (Depariment of Housing and Urban Develop-
ment-Indspendent Agenciss Appraopriations Act, 1989 additonal au-
thorizing legislation to by proposed.)
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

RESEARCH AND DEVELOPMENT

REIMBURSABLE SUMMARY

(In thousands of dollars)

Space station

Space transportation capability
development............ccoiiiiiiiinnnnn.

Space science and applications...........
Commercial programs...........ccvvvvnnnn.

Safety, reliability and quality assurance
Space research and technology............
Aeronautical research and technology.....
Transatmospheric research and technology.

Energy technolgy

Budget Plan

FY 1988 FY 1989
o 25
117,506 105,360
369,821 510,795
3,304 5,200
2,800 1,400
20,169 32,680
68,543 69,250
1,227 685
21.420 21.030
604.790 747.025

£y 1990
25

100,175
356,140
5,060
1,500
25,105
43,325
135
21.030

552,495
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NATIONAL AERONAUTICS AND SPACE ADNINSTRATION 10r12

FISCAL YEAR 1990 ESTIMATES
DISTAIBUTION OF RESEARCH AND DEVELOPMENT BUDGET PLAN BY INSTALLATION AND FiSCAL YEAR

{ Theusands of Dollars )

Jehnson Kesnedy Warshall Stemnis Goddard Jed Anes Langley Lewis
Space Space  Space Flight Spase Space FIt Propulsion  Research flesearch Research NASA
Pregran Tetal Center Center Center Center Center 1] Center Center Center L1}
Space Station 1988 0 135,189 10,898 54,704 m 44,304 11,393 1,138 1,59 31,821 "9
............. [111] 200,008 328,018 21,608 161,265 50 100,660 3,801 2,883 2,170 121,104 151,192
1490 1,080,200 285,874 11,379 kL yavill 100 193,483 18,324 5,17 3,778 301,049 213,200
Space Trans Cap Dav 1988 593,400 121,800 $2,500 364,100 9,800 4,200 1,100 1,200 +108 1,700 24,900
................... 1989 £91,000 145,400 18,400 375,000 5,700 1,900 4,100 .- 1,400 1,200 §0,900
1990 639,000 180,200 88,800 290,900 5,800 §.400 1,100 --- 1,400 1,800 §2,500
Space Sco and Apps E11] 1,581,800 55,929 10,880 281,678 13 H3on 425,409 39,500 19,968 93,280 161,318
------------------ 1989 1,430,200 $5,895 11,138 239,762 600 §40,321 484,182 85,041 23,028 99,505 188,733
1990 1,995,300 .50 15,547 229,452 600 199,934 407,243 116,440 24,500 3,07 212,118
Physics and Astromcay 1988 814,400 13,448 1,880 257,020 —-- 243,352 19,764 13,744 [} H 39,088
1989 734,100 12,983 3,038 202,328 --- a1, 18,30 15,936 0 50 74,668
1990 894,500 16,917 11,847 189,002 --- 543,084 17,988 25,984 0 500 89,474
Life Stiesces 1988 72,200 29,200 3,000 100 108 200 1,100 26,900 500 .- 11,100
1988 78,100 30,700 3.100 100 100 200 1,100 28,700 500 --- 13,600
1990 124,200 47,800 3,900 100 100 200 2,300 30,700 500 --- 18,600
Plasetary Exploration 1908 327,700 10,828 .- 31 --- 9 PIY A M| 14,751 (k) .- 44,768
1§11} 416,608 3,312 --- 134 --- 17,470 3,3 15,074 2% --- 47,86
HR 396,900 $.100 .- 150 --- 17,509 300,950 13,700 --- --- 47,500
Earth Science & Apps 1948 389,200 78 --- 1231 508 168,034 124,707 33,128 16,930 - 36,377
1989 413,700 100 --- 10,700 500 203,908 119,600 23,000 19,600 --- 38,300
1930 434,300 100 - 6,800 500 216,500 130,400 19,700 19,000 --- 40,300
Watarials Proc in Space 1988 62,700 1,375 - 17,160 - -—- 19,990 - 2,480 14,423 6,190
1988 15,400 2,700 - 26,500 --- --- 14,500 100 3,900 20,400 1,180
1990 91,700 3,500 --- 29,700 --- --- 19,500 200 4,200 24,300 11,308
Communications 1908 994,800 - .- --- .- 7.8 6,107 --- .- 78,794 1,033
1989 $2,200 toe --- --- .- 3,10 4,20 --- .- 78,458 5,308
1999 13,000 " .- .- .- 394 [ 1% --- --- 6,547 3,307
Information Systems [A11] 20,800 .- --- .- 13 14,554 §,200 L11] .- --- L1}
[§11} 19,900 - --- --- .- 12,9 3,097 2,134 --- --- 1,695
1990 34,190 --- --- 3,100 .-- 18,734 3,463 6,254 --- .- 1,947
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NATIONAL AERONAUTICS AND SPACE ADNINSTRATION 10r2
FISCAL YEAR 1990 ESTIMATES

DISTRIBUTION OF RESEARCH AND DEVELOPMENT BUDGET PLAN BY INSTALLATION AND FISCAL YEAR

Johason Keanedy Warshatl Steanis Goddard Jet Ames langtey Lewss
Space Space  Space Flighl Space Space FIt Propulsion Research Research Researeh NASA
Progran Telal Center Center Center Center Center Lab Center Cenler Center KQ

1988 AL, 708 1,802 1,036 4,853 5,325 1,450 1,070 1,15% 1,215 1,378 27,419
1989 44,700 4,034 958 1,779 3,120 1,080 935 900 (13} LLE] 24,132
1980 §1,000 1,588 1,38 2,604 6,731 2,020 1,135 1,150 2.454 1,57% 39,40
Techaology Utitization 1988 19,008 1,002 57 646 1,071 1,300 1,070 615 m 185 10,633
1989 16,500 334 840 185 1,120 840 955 500 661 533 10,432
1990 21,700 385 §82 704 1,231 1,720 1,138 600 1,359 575 13,809
Commercial Use O Space 1988 29,700 600 519 4,207 4,254 150 —-- 540 3 2,210 16,788
1988 28,200 3,500 3 1,594 1,600 40 - 100 350 19,300
1990 38,300 1,700 661 1,900 5,500 300 .- 550 1,095 1,000 25,594
Aero & Space Techaslogy 1988 606,700 9,695 02 37,887 --- 7,790 3,774 167,117 179,311 123,995 57,069
----------------------- 198% 769,500 14,000 1,000 45,900 .- 1.700 40,600 192,750 209,708 161,360 96,490
19990 927,900 16,400 100 69,900 --- 10,000 49,700 207,600 232,700 186,000 154,100
Aero Research § Tech 1988 332,900 - --- 1,828 --- 219 250 139,099 107,488 76,733 678
1989 404,200 --- .- 1,800 --- 200 300 155,400 142,400 $4,900 9,200
1590 42,800 .- .- 2 ana .- 00 300 164,200 165,000 114,200 10,000
Space Research § Tech 1988 221,300 9,693 402 3,002 --- 1,51 31,54 24,354 $2,43% 39,188 20,078
1999 295,900 14,000 1,000 4100 .- 7,500 40,300 32,000 58,500 60,400 37,300
1990 338,100 18,400 100 6 500 --- 9,800 49,400 33,400 58,700 46,600 37,100
Transatmos Res & Tach 1988 52,500 “-- - --- - --- --- 4,324 9,888 8,081 38,207
198% §9,400 --- .- --- --- --- .- 4,550 8,800 4,080 48,890
1990 127,000 --- .- --- --- --- --- 5,000 9,000 §,000 107,000
Tracking & Data Acqui 1988 17,900 .- .- .- - 5,400 12,218 - - .- 4
--------------------- 1989 14,800 .- --- --- .- 5,800 13,000 --- --- --- ---
1990 19,900 --- --- --- --- §,200 13,708 --- --- --- -
University Programs 1988 (] ——- —-- - - - - - - -
------------------- 1989 [] .- --- .- --- --- --- .- .- --- ---
1990 35,000 2,354 905 2,708 823 2,158 1,187 1,207 3,483 1,246 13,264
Safely Retiability € Qa 1983 14,100 2,237 300 1,210 --- 621 1,312 29 1,002 1,381 3,617
----------------------- 1989 22,400 2,600 300 1,575 .- 1,488 1,380 450 3,200 1,500 .47
1990 23,300 2,500 500 1,800 1,900 3,500 500 3,800 2,000 §,800
zrzzerzesazssyezcsreszszsesscizzzzzoes zavrszses
TOTAL BUDGET PLAN 1989 3,254,900 327,452 85,016 144,428 16,179 506,843 486,314 261,182 197,149 254,752 374,587
=r3zrzzacsssazsss 1989 4,264,600 549,945 13,401 825,281 t0,07¢ 764,949 $57,558 82,00 240,756 a7, 231 §35,384

1930 5,751,600 1,167,440 185,254 §79,880 14,054 984,033 §83,55% 332,111 272,095 525,817 108,977

zzzzzzzazzs 283
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RESEARCH AND DEVELOPMENT
FISCAL YEAR 1990 ESTIMATES
BUDGET SUMMARY

OFEICE OF SPACE STATION SPACE STATION FREEDOM PROGRAM
SUMMARY OF RESQURCES REQUIREMENTS
1989 1990
1988 Budget Current Budget Page
Actual Estimate Estimate Estimate Number

(Thousands of Dollars)

Development.......ooiiiiiiiiiiiinnnnnnnn. 366,800 935,400 842,000 1,970,200 RD 1-6

Flight telerobotic servicer.............. 21,500 20,000 46,000 15,000 RD 1-20

Operations. ......covviviiiiieniiiinnnenns o -- -- 25,000 RD 1-22

Transition definition.................... 4,000 12,000 12,000 25,000 RD 1-23

Orbital debris radar . .. ............... i -- -- 15.000 RD 1-25
Total .o 392.300 967.400 900.000 2.050.200

Distribution of Program Amount by Installation:

Johnson Space Center..............ccvuun. 135,189 354,000 328,016 885,874
Kennedy Space Center..................... 10,898 30,000 21,609 77,379
Marshall Space Flight Center............. 54,701 195,200 161,265 382,299
Stennis Space Center..............coounnnn 331 400 S0 100
Goddard Space Flight Center.............. 44,304 80,000 100,660 155,423
Jet Propulsion Laboratory................ 11,393 6,800 9,861 25,324
Ames Research Center..................... 1,130 300 2,883 5,774
Langley Research Center.................. 2,553 400 2,770 3,778
Lewis Research Center.................... 31,821 156,000 121,784 301,049
Headquarters.........ccviiiiiinnnnnnnnnns 99.980 144.300 151.102 213.200
Total..... .o e 392.300 967.400 900.000 2.050.200

Appropriation of funds necessary for the Space Station program is also requested €or FY 1991 and
authorization and appropriation for FY 1992. For FY 1991, the amount requested is $2,980,500,000 to
become available for obligation October 1, 1990, and to remain available until September 30, 1992. For
FY 1992, the amount requested is $3,494,400,000 to become available for obligation October 1, 1991, and to
remain available until September 30, 1993. Total funds for the Space Station Freedom development program
will not exceed $13.0 billion in N 1984 terms, adjusted for inflation and private investment.
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RESEARCH AND DEVELOPMENT
FISCAL YEAR 1990 ESTIMATES
BUDGET SUMMARY
OFFICE OF SPACE STATION SPACE STATION FREEDOM PROGRAM
OBJECTIVES AND JUSTIFICATION

Development of the United States (U.S.) permanently manned Space Station, as directed by President Reagan,
will add new momentum to the civil space program and is essential to preserving U.S. preeminence in
science, technology and manned space flight. The Space Station Freedom (SSF) program gives us our first
opportunity to gain direct experience in long term human operations in space, and knowledge essential to
future space exploration. The Space Station will uniquely enhance the U.S. space science programs,
further the commercial utilization of space, and stimulate the development and application of advanced
technologies of national importance. It is also an avenue of cooperationwith our allies, demonstrating
the peaceful use of space for the benefit of all.

The SSF will be unique because it will provide the U.S. with a permanently manned presence in space. It
will be versatile because its capabilities will be remarkably diverse. This diversity is reflected in the
Space Station®s design, which features pressurized laboratories, accommodations for attached payloads, and
free-flying unmanned platforms. This new national laboratory, a research center in space, will stimulate
new technologies, enhance industrial competitiveness, further commercial space enterprises, and add
greatly to our storehouse of scientific knowledge. Perhaps the most significant feature of the Space
Station, essential to its utility for science, commerce, and technology, is the continuing presence of its
crews. Men and women will be aboard the Space Station base full-time. The potential of humans--their
creativity--is unique and essential. The Space Station will be designed to exploit the human
capabilities. The Space Station™s microgravity environment, high levels of power, and extended time in
orbit, will enable scientists to make new discoveries in materials research and life sciences. The Space
Station®s substantive research capabilities include far more than its pressurized volume. Its free-flying
platforms will enable truly synergistic studies of the Earth"s atmosphere, land masses, and
oceans--referred to as Earth system science. These activities will complement the proposed mission to
Planet Earth which will help us to understand our environment and aid us in learning to conserve its
precious resources. Moreover, the Space Station®s external structure is designed to be a stable platform
that will be available for mounting a number of specialized instruments and telescopes. Scientific
instruments, whether in a laboratory or on a boom, require maintenance, upgrading, repair and replacement.
The Space Station will accommodate these servicing functions. The SSF will be designed to evolve, to be
capable of growth in its capabilities, so that future needs and challenges can be met.



The SSF will be a multipurpose, international facility. In 1984, President Reagan invited the full
participation of other nations. During the ensuing definition phase, Canada, member states of the
European Space Agency (ESA), and Japan worked closely with the U.S. to define their participation. These
parallel definition and preliminary design studies have resulted in the identification of the Space
Station elements to be developed by our partners. Negotiations with these international partners for the
development phase of the program were completed in the fall of 1988. Agreements have been signed with the
Canadian government for the development of a mobile servicing system and with the member countries of ESA
for the inclusion of a pressurized attached module, a man-tended free flyer, and a polar platform.
Negotiations with the Japanese government for the development of an attached laboratory module have been
completed with formal signing expected in the spring of 1989.

The basic configuration of the SSF and the supporting elements has been arrived at as a result of a
lengthy iterative three-year process involving NASA centers, U.S. industry, our international partners,
and the national and international science communities. The revised baseline is comprised of a single
horizontal boom structure with 7KW of photovoltaic power, the U.S. laboratory and habitability modules,
two international laboratory modules (one European and one Japanese), and a Canadian mobile servicing
capability. These elements comprise the manned base, and provide internal and external accommodations for
the attachment of science and application payloads. There are also two science and applications
platforms, one U.S. and one European, to be launched into polar orbit. A man-tended free-flyer is also
under consideration by ESA as a co-orbiting platform with the manned base. The launch of the first
element is planned for March 1995.

In addition to the development of the manned base and U.S. polar platform, the Space Station program will
include development of a Flight Telerobotics Servicer (FIS). The FTS will be a highly automated
telerobotic device capable of precise manipulations in space. The FTS on board the Space Station will
increase safety and productivity by reducing Extra Vehicular Activity (EVA) time, allowing the use of
robotics for hazardous tasks, and freeing crew members for scientific tasks. The rrs will play a key role
in the development of automation and robotics (a&R) technologies which will be of benefit not only in
space but in ground based applications such as manufacturing. Private sector investment in the FTS is
being proposed in order to strengthen private sector involvement in the Space Station program, while at
the same time offsetting the need for full Federal funding for development of the FTS.

As noted above, a key design objective of the Space Station is to enable hardware and software to evolve
in response to increased user demands and the need for augmented operational capabilities. The Transition
Definition activities will provide for systems studies to define options for evolution of the Space
Station consistent with future agency missions and for technology development, primarily in automation and
robotics, that will enhance the Space Station productivity and private investment in the future Space
Station requirements, including those under study. These activities are essential for the long-term
cost-effective utilization of the Space Station.
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Funding for the development and construction of an orbital debris radar is also provided in this budget
request. Monitoring, characterization and assessment of small debris is critical for determining any
protective measures needed for incorporation in the Station design. A radar operational in the fourth
guarter of CY 1991 is necessary to support the Station critical design reviews in 1992. Studies and
preliminary definition for the radar is being provided by the Office of Space Flight.

The Space Station operations encompass all activities required to maintain the Space Station and platforms
for their planned lifetime. This includes logistics support, crew training, mission operations,
engineering support, launch processing, and user training and operations. Funding for the initial stages
of this effort is included in the FY 1990 budget request.

In an ongoing effort to ensure development of the most productive and cost-effective station possible,
the SSF program has completed a series of intensive reviews regarding program content and rationale,
flight system configuration, and overall reasonableness of the total cost estimate. The most
comprehensive review was conducted at the request of President Reagan by the National Research Council®s
(NRC) Committee on Space Station. The NRC's task was to assess NASA"s cost estimates for the Space
Station program and to examine the Space Station mission requirements and alternative configurations.
This Committee issued its final report on September 10, 1987. The Committee found that the revised
baseline configurationwas "a satisfactory starting point for the Space Station...and reflects thoughtful
compromises among the priorities and sometimes conflicting requirements of its early scientific and
engineering users.” The Committee also stressed the importance of having a robyst space transportation
system, development of an adequate ground test program and backup hardware policy, strengthened Space
Station program management, and emphasis on the operational aspects of the program. These recommendations
received special attention during the Program Requirements Review (PRR).

During 1988, the SSF program undertook a very thorough and extensive analysis of the program requirements.
The purpose of this PRR was to evaluate requirements and to ensure horizontal and vertical consistency in
the requirements and in the program documentation. Over six thousand review item discrepancies were
surfaced and are being resolved. All of the Space Station program elements, systems, and participants
were included. This review reinforced the basic soundness of the current program design.

In Fy 1988, the Congress directed a significant reduction in the funding appropriated for the Space
Station program in Fy 1988. The amount requested by NASA for FY 1988, $767 million, was reduced to $425
million including $100 million transferred from 1987 replacement orbiter production funds. After
adjustments for a directed realignment between the research and development appropriation and the research
and program management appropriation, the revised plan for FY 1988 was $392.3 million. In FY 1989, NASA
requested $967.4 million for the Space Station. As a result of Congressional appropriation action, the
Space Station amount was reduced to $900 million. Congressional action further constrained the Space
Station program in FY 1989, by allowing for availability of $385 million in new obligational authority
until May 15, 1989. The remaining $515 million will become available after May 15, assuming no objection
by the President is made after February 1, 1989.
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At the request of Congress, NASA prepared and delivered to Congress, in early 1988, a study which
assessed the impact of the reduced FY 1988 and FY 1989 funding. At the time of this study, the FY 1989
funding level was assumed to be the $967.4 million which NASA had requested for Space Station. Prior to
the reductions in FY 1988 and FY 1989, NASA had planned for a First Element Launch (FEL) in the first
quarter of CY 1994. This date was predicated upon a funding level of $767 million in FY 1988 and $1.8
billion in FY 1989. Evaluating the results of the reductions to $425 million and $967.4 million
respectively, it was determined that this schedule could not be met and that FEL would need to slip by
one year to the first quarter of CY 1995. At the same time, NASA agreed to provide for an early man
tended capability on orbit by accelerating the launch of the laboratory module from 1996 to the fourth
guarter of CY 1995. The above schedule assumes receipt of the requested funding of $2,050.2 million for
FY 1990.

This budget requests appropriations for the Space Station of $2,050.2 million for FY 1990, and $2,980.5
million for FY 1991, and the authorization and appropriation of $3,494.4 million for FY 1992. During the
FY 1989 budget process, the Administration requested similar legislation for a Congressional commitment to
a three year authorization and appropriation of Space Station funds for FY 1989, FY 1990 and FY 1991 in an
amount totalling $6,010.1 million. This request was included in the NASA 1989 authorization bill passed
by Congress and signed by the President. Continuation of these measures on the part of Congress and the
Administration will provide increased program stability while maintaining cost control discipline for both
development and operations. In addition, the Administration plans to request legislation to establish a
total development program cost ceiling of $13 billion, in FY 1984 constant dollars adjusted for inflation
and private investment. These commitments will help assure international participants of the U.S.
commitments to SSF development and recognizes the importance of their cooperation on the Space Station
program.

In support of the President®s policy on the commercial use of space, NASA, in consultationwith the OMB,
recently released drafts of revised guidelines, policy, procedures and criteria for industry comment.
These guidelines on the commercialization of the Space Station will serve to reaffirm, clarify and
strengthen its commitment to private sector investment and involvement in the Space Station program. NASA
will give positive consideration to proposals to accelerate private sector investment in Space Station
development and operations in the form of either goods or services which have not yet been contracted.
Further, NASA will actively pursue approaches to encourage the private sector to invest in the FTS the
Space Station docking system and future requirements for the Space Station, including those under study,
e.g., solar dynamics power and equipment to utilize the Space Station.
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BASIS FOR FY 1990 FUNDING REQUIREMENT

DEVELOPMENT
1989 1990
1988 Budget Current Budget
Actual Estimates Estimate Estimate

(Thousands of Dollars)

Management and integration............... 146,700 169,400 187,700 230,200
Pressurized modules...................... 55,000 188,000 155,500 366,000
Assembly hardware/subsystems............. 82,000 288,000 263,200 762,000
Platforms and servicing. ................. 26,000 56,000 51,200 130,000
Power system........ciiiiiinnennnnennn. 31,000 154,000 120,000 298,000
Operations/utilization capability........ 26.100 80.000 64.400 184.000
Total................... 366,800 935,400 842.000 1.970.200

OBJECTIVES AND STATUS

As a research facility in space, the SSF will provide opportunities for significant advances in science,
technology and commerce. It must be flexible yet durable in its capabilities, as the Station will be on
orbit for many years. It must be operationally affordable for its success will be measured by its
operational utility. The objectives of the program are: (1) to establish a permanently manned research
facility in low-Earth orbit in the mid-1990"s with the capability to evolve to meet future potential
requirements; (2) to enhance mankind®s evolving ability to live and work safely in space; (3) to stimulate
technologies of national importance (especially automation and robotics) by using them to provide needed
capabilities; (4) to provide cost-effective operation and utilization of continually improving facilities
for scientific, technological, and operational activities enabled or enhanced by the presence of man in
space; (5) to foster mutually beneficial international cooperation in space; (6) to create and expand
opportunities for private sector activity in space; (7) to enable the evolution of the Space Station to
meet future potential requirements and challenges; and, (8) to provide unmanned platforms exploiting
station systems and subsystems design for long duration scientific and operation observations. The
combination of manned, unmanned, and automated systems will establish a broad spectrum of capabilities
responsive to both currently identified and evolutionary needs of space science, technology, and commerce,

Following completion of a three-year definition and advanced technology development phase, the
development program was initiated in FY 1987. The selected revised baseline configuration includes a
permanently manned Space Station, unmanned platforms, and the associated ground-based infrastructure. The
major physical elements of the configuration to be developed by the U.S. include pressurized habitation
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and laboratory modules, with a shirt-sleeve environment for crew habitation and for conducting
experiments under microgravity conditions; resource nodes linking the modules in which command and
control, docking and extravehicular activity (airlocks) functions will be based; high power solar arrays;
a truss structure featuring accommodations for attached payloads and the FTS; pressurized and
unpressurized logistics elements; extravehicular capabilities; and, a polar platform carrying Earth
observing system instruments to be developed under the Space Science and Applications program. The
configuration includes elements provided by the program"s international partners. These elements are the
Japanese experiment module, which includes a pressurized laboratory, an exposed module for payloads, and a
logistics module; the Canadian Mobile Servicing System; and, the gsa’s pressurized laboratory, polar
platform, and man-tended free-flyer. The Space Stationwill be able to support a crew of eight and
provide a total average power of not less than 75 kilowatts, using photovoltaic arrays.

The ground-based infrastructure needed for the development and operation of the Space Station include the
development of capabilities for systems engineering and integration, a distributed system for technical
and management information transmission, software development tools, prelaunch processing, mission
operations, engineering support, integrated testing, and payload operations support.

The management of U.s. Station Space hardware elements design and development is led by four NASA field
centers. The Space Station Program Office (SSPO), located in Reston, Virginia, has the task of managing
and integrating the technical development of the entire program. The four "work package" centers are the
Marshall Space Flight Center (MSFC) in Huntsville, Alabama; the Johnson Space Center (JSC) in Houston,
Texas; the Goddard Space Flight Center (GSFC) in Greenbelt, Maryland; and the Lewis Research Center (LeRC)
in Cleveland, Ohio. While not work package centers, the Kennedy Space Center (KSC) at Cape Canaveral,
Florida and the Langley Research Center (LaRC) in Hampton, Virginia have key Space Station
responsibilities. KSC has the responsibility for Space Station prelaunch processing and post-landing
activities plus a major role in logistics and user integration support while LaRC provides major support
in systems engineering and integration. The Jet Propulsion Laboratory (JPL) in Pasadena, California, will
also play a central role in defining Space Station program requirements and conducting independent
assessments. Nasa’s development strategy for the Space Station deliberately precluded utilization of a
single prime contractor. For a program of such extended duration as the Station, dependency upon one
company was not viewed as being in the best interest of the government. Moreover, the work package
approach better utilizes NASA expertise at the field centers and fosters greater competition among U.S.
industry. An essential component of this strategy is that NASA will have the responsibility to perform
the overall systems engineering and integration and program management. The SSPO is being assisted in
these program-wide integration functions by a Program Support Contractor (PSC), a Software Support
Environment (SSE) contractor and a Technical and Management Information System (TMIS) contractor.

In 1987, the development contractors for the Space Station were selected. In May 1987, Boeing Computer
Services was selected for the TMIS contract. This contract will facilitate both program control and
engineering by enabling the electronic transmission of information and providing a means of distributing,
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and laboratory modules, with a shirt-sleeve environment for crew habitation and for conducting
experiments under microgravity conditions; resource nodes linking the modules in which command and
control, docking and extravehicular activity (airlocks) functions will be based; high power solar arrays;
a truss structure featuring accommodations for attached payloads and the FTS; pressurized and
unpressurized logistics elements; extravehicular capabilities; and, a polar platform carrying Earth
observing system instruments to be developed under the Space Science and Applications program. The
configuration includes elements provided by the program"s international partners. These elements are the
Japanese experiment module, which includes a pressurized laboratory, an exposed module for payloads, and a
logistics module; the Canadian Mobile Servicing System; and, the Esa’s pressurized laboratory, polar
platform, and man-tended free-flyer. The Space Stationwill be able to support a crew of eight and
provide a total average power of not less than 75 kilowatts, using photovoltaic arrays.

The ground-based infrastructure needed for the development and operation of the Space Station include the
development of capabilities for systems engineering and integration, a distributed system for technical
and management information transmission, software development tools, prelaunch processing, mission
operations, engineering support, integrated testing, and payload operations support.

The management of U.S. Station Space hardware elements design and development is led by four NASA field
centers. The Space Station Program Office (SSPO), located in Reston, Virginia, has the task of managing
and integrating the technical development of the entire program. The four "work package' centers are the
Marshall Space Flight Center (MSFC) in Huntsville, Alabama; the Johnson Space Center (JSC) in Houston,
Texas; the Goddard Space Flight Center (GSFC) in Greenbelt, Maryland; and the Lewis Research Center (LeRC)
in Cleveland, Ohio. While not work package centers, the Kennedy Space Center (KSC) at Cape Canaveral,
Florida and the Langley Research Center (LaRC) in Hampton, Virginia have key Space Station
responsibilities. KSC has the responsibility for Space Station prelaunch processing and post-landing
activities plus a major role in logistics and user integration support while LaRC provides major support
in systems engineering and integration. The Jet Propulsion Laboratory (JPL) in Pasadena, California, will
also play a central role in defining Space Station program requirements and conducting independent
assessments. NASA"s development strategy for the Space Station deliberately precluded utilization of a
single prime contractor. For a program of such extended duration as the Station, dependency upon one
company was not viewed as being in the best interest of the government. Moreover, the work package
approach better utilizes NASA expertise at the field centers and fosters greater competition among U.S.
industry. An essential component of this strategy is that NASA will have the responsibility to perform
the overall systems engineering and integration and program management. The SSPO is being assisted in
these program-wide integration functions by a Program Support Contractor (PSC), a Software Support
Environment (SSE) contractor and a Technical and Management Information System (TMIS) contractor.

In 1987, the development contractors for the Space Station were selected. In May 1987, Boeing Computer
Services was selected for the TMIS contract. This contract will facilitate both program control and
engineering by enabling the electronic transmission of information and providing a means of distributing,
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maintaining, and archiving controlled data throughout the program. In July 1987, Grumman Aerospace was
selected as the PSC. Grumman and its team supports NASA in a variety of areas, including systems
engineering and analysis, distributed systems integration, technical integration, element and launch
package integration, user interface planning, and program management and control. Also in July, 1987, the
Lockheed Missiles and Space Company was selected for the SSE system contract. The SSE system is designed
to assure a standardized software development and maintenance environment, in order to minimize the
development and cost risk inherent in the task of integrating flight and ground systems software developed
by a variety of Space Station contractors. On December 1, 1987, NASA announced selection of four
aerospace firms--Boeing Aerospace Company; McDonnell Douglas Astronautics Company; General Electric
Company; and the Rocketdyne Division of Rockwell International--for final negotiations leading to award of
contracts for the design, development and support of the components and systems comprising the permanently
manned Space Station. Letter contracts were awarded to these four companies on December 23, 1987 and the
final detailed contracts were signed September 28, 1988. During the letter contract period, the
contractors began planning for the initiation of their respective work package preliminary design and
development efforts. They also supported the work package centers in the evaluation of the PRR and
participated in the planning and working groups that have been formed to allow the various program
elements and participants to share information. Due to the complexity of this enormous effort, it soon
became apparent that a mechanism was needed which would allow the contractors to work together to achieve
the common goal of building the Space Station to specifications, on schedule, and within the available
funding. To satisfy this need, the Space Station program instituted associate contractor agreements among
the contractors. They will have the responsibility, with NASA work package center and SSPO oversight, for
coordinating the integration of their efforts in a timely and cost-effective manner and for delivering to
NASA the required integrated hardware and software.

The development program also includes critical supporting development activities at the four NASA work
package centers, and the development of the capability to operate and utilize the Space Station. Work
package supporting development includes design engineering, hardware integration and test capabilities,
and assembly and checkout test capabilities; the provision of Government Furnished Equipment (GFE);
research and development (R&D) Facility outfitting; and, engineering management and analysis. These
efforts support all of the work package prime contractors as well as overall NASA system engineering and
integration efforts. The Operational and Utilization Capability Development (OUCD) activities support
major operational facility development at the NASA work package centers and KSC. These facilities are
critical to the integration, prelaunch/post-landing processing, and the missions operations and crew
training of the Space Station systems.

Due to budgetary reductions and constraints made by Congress in the FY 1988 and FY 1989 appropriation
processes, Space Station development activities will build up at a slower pace than originally planned.
The Space Station Preliminary Design Review (PDR), which will provide an evaluation of the design approach
of the work packages, will slip from FY 1989 to FY 1990. Successful completion of the PDR will result in
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the readiness to proceed with detailed design of the SSF flight and ground hardware and software. The
Critical Design Review (CDR) is currently planned to occur in FY 1992. The first element launch is
planned for March of 1995, man-tended capability in the fourth quarter of 1995, permanent manned
capability planned in the fourth quarter of 1996, and assembly complete in the first quarter of 1998.

1989 1990
1988 Budget Current Budget
Actual Estimate Estimate Estimate

(Thousands of Dol lars)
Management and integration............... 146,700 169,400 187,700 230,200
OBJECTIVES AND STATUS

Elements of the SSF are being designed and developed by NASA centers and contractors throughout the U.S.
as well as by the Canadians, Europeans, Japanese, and their contractors. Coordinating and integrating all
of these various activities requires a comprehensive management and integration program effort by the SSF
Program Office (SSFPO). Management responsibilities include: overall .programmanagement and direction;
systems engineering and design; management of technical and administrative information; systems software
environment design and development; safety, reliability, maintainability, and quality assurance
activities; and integration of the United States and international systems and elements.

The broad scope and large magnitude of the Space Station program requires that NASA be supported by
contractors knowledgeable in overall systems design, engineering, and integration. To achieve this goal
NASA undertook a competitive procurement and in FY 1987 awarded a program support contract (PSC) to
Grumman Aerospace Corporation, Bethpage, New York. Grumman is supporting not only the SSFPO in Reston,
Virginia, but will also have personnel resident at the work package centers to assist them in their
program integration activities. As the program support contractor, Grumman has responsibility for
supporting overall Space Station systems engineering and integration activities. This includes providing
the engineering manpower necessary for total systems configuration analysis and integration, design
trade-offs, and operational analyses. They also assist in evaluation of technical performance across the
program and perform program schedule integration. The PSC develops technical plans and procedures for the
verification, assembly, and integration of the overall Space Station system and assists in the assessment
of hardware/software systems developed by the work package prime contractors.

During FY 1989 the PSC will provide support for the completion and implementation of studies and analyses
resulting from the PRR which was conducted during mid Fy 1988. They will also be heavily involved in all
of the activities necessary for supporting the Preliminary Design Review (PDR) for the man-tended
configuration. This PDR is scheduled for late FY 1990. Implementation of a program-wide technical and
management information system (TMIS) is a significant part of the management and integration activity.
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The size and complexity of technical and management information that must be shared across all elements
and levels of the SSFO requires the development of an advanced information system that can expeditiously
handle the flow of this data. In June 1987, Boeing Computer Services was awarded a systems integration
contract to provide TMIS. TMIS is the official repository of technical and management information
throughout the life of the SSFP. It provides a common methodology for tracking, updating, and
disseminating SSFP documentation. TMIS facilitates and provides electronic transfer of a variety of
program data among all the participating NASA centers and contractors. It will also allow NASA to
electronically transfer appropriate program data to compatible information systems of thz iInternational
participants. The initial increment of TMIS hardware and software was delivered in June 1988, and most
recently, the initial hardware to house data bases was installed.

Another important component of the management and integration effort is the design, development, and
application of compatible flight and ground support software. To ensure compatibility across the various
elements of the Space Station information system, NASA awarded a contract to the Lockheed Missiles and
Space Company for the development of a software support environment (SSE). Lockheed is tasked to develop
the software tools, rules, and standards that will be common to all Freedom Station flight and ground
support users in their software development efforts. SSE has developed the initial SSE Development
Facility (SSEDF) which is providing SSE equivalent basic software life cycle support capability to
available main frame computer hardware. Currently, Ssg has started developing prototype simulation
interface buffers (SIB) which are software controlled multiport interface systems used to interface SSE
host computers with data management system (DMS) kit flight system hardware. The contractor is also in
the process of delivering seven software production facilities and will be bringing them on line to
support the preliminary and critical design reviews.

CHANGES FROM FY 1989 BUDGET ESTIMATE

Management and integration has increased from $169.4million to $187.7 million, an increase of $18.3
million over the FY 1989 budget request. The increase in management and integration was partly due to
increases in the contractor support to provide necessary program integration and system engineering
support during the time leading to finalization of the PRR and preparation for the PDR. There has also
been an increase in the amount of activity being undertaken to support the program with more intensive
efforts in user interface and operations planning. Staffing has also increased at JPL for the program
requirements and assessment function which provides the program office with an independent assessment of
the program requirements. This effort becomes particularly important during FY 1989 as the program
requirements become baselined and the preliminary design efforts accelerate. Finally, there has been an
increase in the Space Station usage requirements of the NASA Program Support Communications Network.
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BASIS OF FY 1990 ESTIMATE

A key management and integration activity occurring in FY 1990 will be the evaluation of project level
system and element PDRs. These PDRs will be the basis for the program level PDR for the man-tended
capability to be held in late FY 1990. PSC will be assisting NASA in this effort as well as in developing
integrated schedules, verification plans, interface control documentation, and engineering data bases.
Also during this period, the PSC will provide engineering support to the development of program plans for
launch package integration, on-orbit assembly and checkout, NSTS integration, design reference mission and
mission integration, and system safety and quality assurance program planning. This critical system
engineering effort will be in support of the Reston SSPO, the Program Integration Offices at each work
package center and at KSC.

During FY 1990, the SSE will achieve its initial operational capability and be delivered to the
multi-system integration facility. The SSE project will complete development of the first simulation
interface buffer (SIB). Subsequently, data management system (DMS) kits including SIB and DMS hardware,
provided by Work Package 2, will be installed in the SSEDF so that full development and testing of SSE
integration, test and verification capabilities can proceed. To further the development of the SSE
operational system, the functional simulator (FSIM) will start to provide a capability for Space Station
Program software developers to simulate the Space Station DMS system software services.

TMIS will continue to incrementally deliver releases of its products and will be working closely with all
levels of the program to assure the most efficient and comprehensive exchange of information. Efforts
will continue towards completion of the various bridges needed to electronically link together the
contractors, NASA centers, users, and international partners as well as provide training to TMIS users as
the system evolves. Technical and resource information management and tracking systems and data bases
will continue to be developed with emphasis in Increment 2 on the efforts needed to support the SSFPO PDR
process. Increment 2 will focus on completing TMIS rules and procedures, stabilizing and refining
Increment 1 tools, providing a significant increase in data base and electronic mail host capacity,
integrating data bases containing both technical and management data, and providing the first delivery of
computer aided design/computer aided engineering (CAD/CAE) capability for the program. Increment 3
efforts will be targeted toward the development of applications and capabilities needed to support the
SSFPO CDR process.
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1989 1990
1988 Budget Current Budget
Actual Estimate Estimate Estimate
(Thousands of Dollars)

Pressurized modules - work package 1,
Marshall Space Flight Center........... 55,000 188,000 155,500 366,000

OBJECTIVES AND STATUS

Work Package 1 is being managed by MSFC, Huntsville, Alabama with support from its prime contractor,
Boeing Aerospace Corporation. Boeing was awarded a letter contract on December 23, 1987 and signed a
negotiated contract on September 28, 1988. Assisting Boeing as major members of the prime contract team
are Teledyne Brown Engineering (Huntsville, Alabama), Lockheed Missiles and Space Company (Sunnyvale,
California), Hamilton Standard (Windsor Locks, Connecticut), Allied Signal Aerospace (Torrance,
California), Grumman Aerospace Corporation (Houston, Texas), ILC Space Systems (Houston, Texas), and
Fairchild-Weston Systems (Syossett, New York).

Major components of this package include the U.S. laboratory, habitability, and logistics modules; nodes
structure; airlock systems; environmental control and life support system; internal audio, video, and
thermal systems; basic module outfitting; and associated software development.

Since the initiation of the development phase of the Space Station Freedom (SSF) program, emphasis has
been placed on the preparation of the plans and procedures that will be needed to design, develop, build,
test, integrate, launch, and operate the Station. Included in these activities are the development of the
engineering breadboards, trade studies, hardware build, and technology demonstration of the environmental
control and life support system; design and development of the module mock-ups; and evaluation of
computerized structural models of the module components. Also ongoing is the evaluation of critical
materials to be used in and on the Station and the design and development of computerized data bases that
will be used to track and analyze the extensive test and evaluation results. As is the case with
developing programs, much of the initial activity is in preparing the planning documents that will guide
the development through its various stages. These plans and procedures are currently in the process of
being baselined and will be updated as needed throughout the life of the Space Station program. With the
recent completion of the PRR, efforts will now proceed toward implementation of the preliminary design
leading toward the preliminary design review in FY 1990.
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CHANGES FROM FY 1989 BUDGET ESTIMATE

The previous FY 1989 budget of $188 million has been reduced to $155.5 million, a decrease of $32.5
million, primarily as a result of reduced Space Station funding appropriated by Congress and a
reprioritization of development activities by the program office. This reduction is being accomplished by
deferring the preliminary and critical design review dates, deferring the buildup of prime contractor and
subcontractor manpower, and limiting supporting development manpower hiring and equipment purchases.

BASIS OF FY 1990 ESTIMATE

FY 1990 is a significant year for Work Package 1 because it is the year in which preliminary design
reviews are planned to take place for all the major systems and elements needed for man-tended

capability. Upon completion of these preliminary design reviews, prime contractor efforts will begin on
the final design leading to critical design reviews in FY 1991 and FY 1982. The environmental control and
life support system comparative technology testing which began in FY 1989 will continue and efforts will
begin on the testing in the Core Module Integration Facility (CMIF). In the area of resource nodes and
airlock systems, work will begin or continue on the support equipment component testing, cupola
preliminary design, tool and production planning, and material procurement for structural test articles.
The U.S. laboratory engineering development article will be completed®and development hardware and
software fabrication and test will begin. Work will continue on the preliminary design of the habitation
module unique functions as well as preparation for and support of formal customer reviews. During

FY 1990, there will be a review of all cargo requirements for the logistics modules as well as development
of the concepts for accommodation of specimen, carriers, and subsystems. Work will continue on the
development tests for logistics unique hardware and on defining the interfaces unique to the logistic
modules with the orbiter, the station, and the cargo.

In the area of supporting development, system testing will continue utilizing the process material
management system breadboard, the audio/video breadboard, and the electrical power system breadboard.
Integrated environmental control and life support system testing will be completed and the node
structural test article critical design review will be held leading to the start of fabrication. By the
end of FY 1990, most of the developmental testing will be completed and hardware builds by the prime
contractor will be initiated.
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1989 1990
1988 Budget Current Budget
Actual Estimate Estimate Estimate
(Thousands of Dollars)

Assembly hardware/subsystems - WOrk
package 2, Johnson Space Center........ 82,000 288,000 263,200 762,000

OBJECTIVES AND STATUS

Work Package 2 is managed by JSC with support from the prime contractor, McDonnell Douglas Corporation.
The letter contract for this effort was awarded to McDonnell Douglas on December 23, 1987, and the final
negotiated contract was signed on September 28, 1988. Assisting McDonnell Douglas as major members of the
contract team are IBM (Houston, Texas and Owego, New York), Lockheed Missiles and Space Company (Houston,
Texas and Sunnyvale, California), General Electric/R¢ca Corporation (Camden, New Jersey), Honeywell
(Clearwater, Florida), and Astro Aerospace Corporation (Carpinteria, California).

Work Package 2 responsibilities include the integrated truss assembly, mobile transporter, airlock
structure and unique equipment, outfitting of the resource nodes, and the propulsion system. Also
included in Work Package 2 are the data management system, communications and tracking; guidance,
navigation and control, extra vehicular activity systems, thermal control, mechanical systems, fluids,
and utilities distribution.

Much of the effort taking place since letter contract inception has been in formulating the plans,
procedures, and design concepts that will be utilized for the development of the Work Package 2 elements
and systems. The recently completed PRR lays the groundwork for finalizing the program requirements and
efforts are now underway to baseline these requirements and proceed toward their implementation. Work is
currently underway and progressing toward the development of test beds needed to evaluate design concepts,
design and trade studies, facility requirements, and subsystem requirements. JSC personnel have been
working with the Canadians to coordinate their mobile servicing center with the mobile transporter. Work
is also progressing on design of the Space Station Extravehicular Mobility Unit with a prototype suit to
be evaluated during FY 1989. Plans for the procedures, hardware, and software needed for on-orbit
assembly are continuing and shuttle/Station berthing and docking concepts are being investigated and
tested. Also ongoing is the design and development of the flight experiments that will be needed to test
various concepts and hardware prior to their use on the SSF. These flight experiments will, among other
things, test thermal systems, guidance, navigation, and control, and the Space Station EVA suit.

CHANGES FROM FY 1989 BUDGET ESTIMATE

As a result of reduced funding appropriated by Congress and reprioritization of development activities,
the current budget for FY 1989 is $263.2 million, a reduction of $24.8 million from the previous budget
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request of $288 million. This reduction will be accomplished by rephasing intermediate milestones such as
the preliminary and critical design reviews, and by constraining the buildup of contractor manpower and
the purchase of some materials.

BASIS OF FY 1990 ESTIMATE

The major milestone in FY 1990 is the preliminary design review of the systems and elements needed for
man-tended capability. JSC and its contractors will be holding project design reviews for its elements
and systems during the third quarter of the fiscal year in preparation for the program design review
planned for the fourth quarter. There is a great deal of design, analysis, and test work that must be
performed prior to these reviews. Much of this effort will have been initiated in Fy 1989 but will become
more intensive during 1990. The prime contractor will finish preliminary design work and begin the task
of detailed design. Development testing will continue and work will begin on the procurement,
fabrication, and assembly of the data management system hardware and software, the thermal control system,
the mobile transporter, and the airlocks. The prime contractor will also continue to support the various
working groups and panels that are responsible for coordinating the efforts of the program participants
and will perform studies as directed by JSC and the SSPO.

JSC will also continue its supporting development efforts in preparation for the preliminary design
review. They will begin integrated loads/dynamics truss analysis and thermal vacuum chamber solar
outfitting. Verification tests will be performed on the antennas and work will continue on the prototype
electrolysis unit fabrication and test. Efforts will continue in preparation for thermal flight
experiments and refinements and testing of the AX5/Mark III space suits should be completed. In addition,
utilizing the KC-135 airplane, tests that require a space-like environment will be performed.

1989 1990
1988 Budget Current Budget
Actual Estimate Estimate Estimate

(Thousands of Dollars)

Platform and servicing - work
package 3, Goddard Space Flight Center. 26,000 56,000 51,200 130,000

OBJECTIVES AND STATUS

Work Package 3 is being managed by GSFC, Greenbelt, Maryland with support from its prime contractor, The
General Electric Company, Astrospace Division, Valley Forge, Pennsylvania, and East Windsor, New Jersey.
General Electric was awarded a letter contract on December 23, 1987, and signed the negotiated contract on
September 28, 1988. The TRW Corporation of Redondo Beach, California, is the major subcontractor to
General Electric.
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Included in Work Package 3 is the design and development of the free-flying, unmanned U.S. polar
platform; the attached payload accommodation equipment (APAE) for the mounting of various scientific
instruments on the manned base; and a payload pointing system (PPS) for both Earth-viewing and
space-viewing attached payloads that require a high degree of accuracy. Also included are early studies
of the design, requirements, and interfaces necessary for a satellite servicing facility that could be
used to service SSF payloads and free-flying spacecraft. Development of a servicing facility is a
potential future consideration. A key component of this work package is an ongoing interaction with
potential users of the Space Station. Understanding the needs of potential Space Station users and
including them in all of the pertinent planning activities is vital to the design, development, and
operation of the station.

CHANGES FROM FY 1989 BUDGET ESTIMATE

The budget for Work Package 3 was reduced by $4.8 million from the previously budgeted amount of $56
million to the current budget of $51.2 million, as a result of reduced Space Station funding appropriated
by Congress and reprioritization of development activity. This decrease was accomplished by rephasing
interim milestones and by deferring some supporting development technical activities.

BASIS OF FY 1990 ESTIMATE

A major activity taking place at Work Package 3 during FY 1990 is the PDR for the polar platform. Upon
successful completion of the PDR, detailed design, testing, long-lead procurement, and fabrication of the
platform will begin. Preliminary design and requirements definition of the attached payload
accommodation equipment and the payload pointing system will continue during FY 1990. Studies of
servicing facility architecture will continue, and servicing scenarios for selected payloads will be
developed.

Supporting development activities at GSFC will include continuing engineering and discipline support for
the platform, APAE, and PPS. Base motion studies for the PPS will be conducted. Discipline support for
the safety, reliability, and quality assurance area will continue. As part of the thermal program,
development of a data management system test bed, an instrument test bed, and NSTS thermal flight test
experiments will continue. Design and requirements definition for an Integration, Test, and Verification
Facility at the GSFC will be initiated. This facility will provide a clean environment for the checkout
of the attached payloads and the polar platform with the physical, electrical, and thermal interfaces.
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1989 1990
1988 Budget Current Budget
Actual Estimate Estimate Estimate
(Thousands of Dollars)

Power system - work package 4, Lewis
Research Center...............coivinnnn 31,000 154,000 120,000 298,000

OBJECTIVES AND STATUS

Work Package 4 is managed by the LeRC and supported by its prime contractor, Rocketdyne Division, Rockwell
International (Canoga Park, California). Supporting Rocketdyne as major members of the contract team are
Ford Aerospace (ralo Alto, California); Harris Corporation (Melbourne, Florida); Allied-Signal Aerospace
Corporation (Tempe, Arizona); General Dynamics Corporation (San Diego, California); and Lockheed Missiles
and Space Company (Sunnyvale, California). Rocketdyne was awarded a letter contract on December 23, 1987,
and signed the negotiated contract on September 28, 1988.

The primary content of Work Package 4 is the SSF Electrical Power System. This encompasses the
development of a 75 KW photovoltaic (PV) power system which uses solar arrays to collect power and
batteries for storage; the power management and distribution (PMAD) system; engineering and system
architecture of a solar dynamic power system capability which could be a future addition to the station;
and the fabrication of power system components for the polar platform.

The electric power system will be one component of the first element launch and therefore hardware must
be ready for delivery at that point in the program. System and sub-system design and development are
actively being performed by the contractor team and by the Lewis supporting development personnel.
Component testing of the batteries and solar cells began in FY 1988 and will continue into FY 1989 in
preparation for the preliminary design review in FY 1990. Test beds for both photovoltaic power and the
power management distribution system have been developed and are being utilized. The Power System
Facility and the Space Power Facility are in the process of being made ready to begin testing and work
has commenced on developing an integrated test bed. Work is also proceeding in preparation for
proof-of-concept testing of the solar dynamic power system.

CHANGES FROM FY 1989 BUDGET ESTIMATE

The FY 1989 budget for Work Package 4 has been reduced by $34 million from the previous budget submission
of $154 million as a result of reduced Space Station funding appropriated by Congress and reprioritization
of development activity. This reduction has been accomplished primarily by deferring intermediate
milestones such as preliminary and critical design reviews and delaying hardware deliveries to the other
work packages.
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BASIS OF FY 1990 ESTIMATE

During FY 1990 efforts being performed by the prime contractor and LeRC teams will intensify in
preparation for the project and program preliminary design reviews. Rocketdyne will continue with
development and qualification of the solar cells and blankets. Energy storage assembly qualification
cells will be fabricated and tested. Preliminary and detailed design of module items such as beta gimbals
and electrical equipment assemblies will continue as will the preliminary design effort for the solar
dynamic power. Power management and distribution components and orbital replacement units will undergo
preliminary and then detailed design during FY 1990 and development and testing of breadboard and
brassbhoard components will continue.

Supporting development activities complement those being performed by the contractor and include the
independent verification of the prime systems engineering and integration efforts. Also included in
supporting development is the design and provision of the interfaces with the SSE and the Space Station
Information System. Key work will continue utilizing the existing PV/PMAD testbed and the PMAD systems
testbed and efforts will begin on preparation of the integrated testbed. These test and evaluation
activities will culminate in the development of a preliminary design which will then be reviewed in the
latter part of FY 1990 as part of the overall program preliminary design review.

1989 1990
1988 Budget Current Budget
Actual Estimate Estimate Estimate

(Thousands of Dollars)

Operations/utilization capability
development........cvviiiiiiiininnnnnn, 26,100 80,000 64,400 184,000

OBJECTIVES AND STATUS

The purpose of the Operations/Utilization Capability Development (OUCD) program is to develop a set of
operational facilities, systems, and capabilities to conduct the operations of the SSF. The majority of
the work will be performed at KSC, MSFC, and JSC, although key operational capabilities will be developed
at other NASA centers. KSC will develop launch site operations capabilities for conducting prelaunch and
post-landing ground operations for the SSF. These capabilities will include the development of the Test,
Control and Monitor System (TCMS) to provide real-time checkout, control and monitoring functions during
processing of SSF elements at KSC and the Vandenberg Launch Site (VLS) prior to launch. Prelaunch and
post-landing ground operations will occur in the Space Station Processing Facility (SSPF) and other key
facilities, including the Space Station Hazardous Processing Facility (SSHPF) at KSC and the Platform
Processing Facility at Vandenberg.
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MSFC will develop user integration capabilities to establish user requirements and perform user operations
support. Efforts will include the development of the Payload Operations Integration Center (POIC) and the
Payload Operations Training Facility (POTF), as well as extensive payload mission planning and analytical
integration. The major objective at JSC is to develop space systems operations capabilities for
conducting training and on-orbit operations control of the SSF. Efforts will include the development of
the Space Station Control Center (SSCC), the Space Station Training Facility (SSTF), and the Operations
Planning and Analysis System (OPAS). LeRC will provide an Engineering Support Center (ESC) for the power
system, and GSFC will provide an ESC for attached payloads and special outfitting for the Platform Control
Center. Each of these centers will be involved in user integration activities and operations planning
efforts.

Work is currently underway to develop facility requirements and outfitting needs and to develop the
mission planning and user interfaces. The prime contractors associated with the four work packages are
assisting in these activities since the design, development, and operation of the station are so strongly
interconnected. User input is being solicited and received and users are being kept informed of progress
in all of the OUCD planning efforts. Astronauts are also included in this process and their input is an
important part of the design and operations activities. Requests for Proposals have been released for
the Control Center and Training Facility support at JSC and for the TCMS at KSC.

CHANGES FROM FY 1989 BUDGET ESTIMATE

The FY 1989 budget was reduced by $15.6 million, from $80.Omillion to $64.4 million, as a result of
reduced Space Station funding appropriated by Congress and reprioritization of development activities.
This reduction has been taken by rephasing milestones and delaying the purchase of equipment such as
Computer Aided Design/Computer Aided Engineering (CAD/CAE). Also, the buildup of manpower at KSC will be
slowed, as will the manpower buildup for increment design and planning efforts at JSC.

BASIS OF FY 1990 ESTIMATE

At KSC in FY 1990, the cab/caE contract and the TCMS avionics procurement will begin, and the PDR for the
core design of the TCMS will be conducted. The procurement of ground support equipment for the SSPF will
continue. At MSFC, design of the POIC and the POTF will continue, as will development of analytical
integration software tools. Engineering studies for the POTF core computer will be completed and
procurement initiated. At JSC, requirements definition and design of the SSCC and the SSTF will
continue. The PDR will be held for the SSCC, and for the OPAS. LeRC and GSFC will continue design of
their Escs, and GSFC will continue platform and attached payload analyses and user accommodation studies.
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BASIS OF FY 1990 FUNDING REOUIREMENT

FLIGHT TELEROBOTICS SERVICER

1989 1990
1988 Budget Current Budget
Actual Estimate Estimate Estimate

(Thousands of Dollars)
Flight telerobotics servicer............. 21,500 20,000 46,000 15,000
OBJECTIVES AND STATUS

The Flight Telerobotics Servicer (FTS) will be a highly automated, robotic flight system capable of
precise manipulations in space. It can be operated by astronauts at work stations aboard the space
station or the shuttle by either direct manipulator control or programmed command sequences. lIts hardware
and software will be modular to ensure serviceability, and its configurationwill be flexible to
accommodate technological upgrades and growth to autonomous operation. The FTS will be capable of
performing EVA tasks such as assembly, inspection, maintenance, and servicing. By reducing dependence on
EVA, it will improve crew safety and enhance crew utilization. The FTS will be designed to attach to
several hardware elements, such as the Shuttle®s Remote Manipulator System; utility ports along the SSF
truss; the Orbital Maneuvering Vehicle; and SSF platforms. The knowledge NASA gains using the FTS in
space will be used to facilitate the transfer of automation and robotics (A&R) technology to U.S.
industry.

The FTS is being proposed as a commercial development. Project management is the responsibility of GSFC,
with support from other NASA centers and contractors. The major elements of the program include the
Space Station FTS (SSFTS), or telerobot flight unit, which will be available at FEL, and will be launched
on the second assembly flight; the Development Test Flight (DTF-1); the Demonstration Test Flight (DTF-2);
and the Engineering Test System (ETS). Supporting development activities at GSFC and other NASA centers
will identify and utilize developing automation and robotics technologies to meet FTS requirements and
improve FTS performance and will support the transfer of demonstrated capabilities and technology concepts
to commercial applications.

The DTF-1 is planned to be flown aboard the NSTS in late 1991 and will consist of two telerobot
manipulators, a carrier structure, task elements, and a workstation. Using existing technology, DTF-1
will evaluate FTS design approaches and man-machine interfaces. In September 1988, nine-month letter
contracts for $4.5 million each were awarded to the Martin-Marietta Corporation and to Grumman Aerospace
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for preliminary design of DTF-1. These contracts provide for initiation of long-lead procurement items
and for delivery of all analyses and documentation required to support a PDR for DTF-1, currently planned
to be held in mid-1989. The DTF-2 will consist of a mature version of the SSFTS, a carrier structure,
task elements, flight support equipment, and a workstation, to be flown aboard the NSTS in early 1993.
DTF-2 will demonstrate FTS capabilities prior to SSF deployment.

The ETS will be a ground test system for FTS software development and verification; for dexterous task
planning and verification; and for flight anomaly investigation. It will consist of a telerobot,
multipurpose end-effectors and tools, ground support equipment, and spares.

In September 1988, the FTS Phase B contracts with Martin-Marietta and Grumman were completed. A GSFC
review of the results is in progress. The RFP for Phase C/D of the FTS was issued in November 1988, with
proposals due in January 1989.

CHANGES FROM FY 1989 BUDGET ESTIMATE

In FY 1989, Congress added $26.0 million to the FTS budget of $20 million to enable an early demonstration
flight on the NSTS. The PDR for the DTF-1 is planned to be held in mid-CY 1989. The DTF-1 is planned to
be flown in late 1991.

BASIS OF FY 1990 ESTIMATE

In FY 1990 NASA is actively pursuing approaches to encourage the private sector to invest in the FTS. The
requested funding will provide for supporting development activities.

Supporting development activities in rFY 1990 include crew training, flight operations support, and

integrated flight simulations. Studies of oMv interfaces verificationwill continue. Efforts will
continue on applications procedure development, and technology assessment and testing.
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BASIS OF FY 1990 FUNDING REQUIREMENT

OPERATIONS
1989 1990
1988 Budget Current Budget
Actual Estimate Estimate Estimate

(Thousands of Dollars)
OperationS. . .covieiir i iiiennnnnnnnnnens -- -- -- 25,000
OBJECTIVES AND STATUS

Planning for operations and utilization has been an integral part of the SSF design and development
program and a major driver in the approaches established for Station assembly, utilization, and evolution.
As a long-term permanently manned laboratory in orbit, Freedom will be serving the needs of many
disciplines and individuals, and must be designed and operated to be safe, reliable, and accommodating to
numerous diverse uses. It must also be cost-effective to operate, economical to utilize and amenable to
changes in technology that will be occurring during its planned 30 years in space. The various elements
of the development program such as flight systems hardware/software production, operations/utilization
capability development, and management and integration will transition, over time, into the components of
the operations program. These components include flight and ground hardware and software sustaining
engineering, integrated logistics support, user integration and operations support, space system
operations support, prelaunch and post-landing operations, and information systems services operations.

BASIS OF FY 1990 ESTIMATE

Although some planning for operations is ongoing within the development program under operations/
utilization capability development, FY 1990 is the first year that funding is required for items that are
included in the operations budget of the program. During FY 1990 much of the effort will consist of
initial planning for integrated logistics operations and space systems operations. Logistics activities
will focus on logistics management and maintenance planning and early planning for initial spares for
flight hardware and support equipment. Space systems operations activities will include the study and
initiation of the assembly planning tasks.
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BASIS OF FY 1990 FUNDING REQUIREMENT

TRANSITION DEVELOPMENT
1989 1990
1988 Budget Current Budget
Actual Estimate Estimate Estimate

(Thousands of Dollars)
Transition Definition.............vvvveen 4,000 12,000 12,000 25,000
OBJECTIVES AND STATUS

The February 11, 1988, Presidential directive on National Space Policy states that the "Space Station will
allow evolution in keeping with the needs of Station users and the long-term goals of the United States."
This policy encapsulates the goal of the Transition Definition program and reaffirms the NASA approach to
the program since its inception: to design and build a facility that is capable of expanding original
capabilities, adding new functional capabilities, and incorporating improved technologies. SSF design
reflects consideration of an extended operational lifetime in support of a changing and growing user
community.

There are two elements to the Transition Definition program: system studies and analyses; and advanced
development. The strategy is to focus these interrelated elements on understanding probable evolution
paths and the implications of these on current decisions in the baseline program. Possible evolution
paths include: expansion of multi-disciplinary research activities in low Earth orbit, mission to planet
Earth, piloted exploration missions, and unmanned planetary missions. The challenge to provide for
Station evolution is to keep open options to support whatever future missions may be chosen. Therefore,
planning for evolution is by necessity conducted in parallel with the design and development of the
baseline Station.

The objectives of the system studies and analysis portion of the program are to concentrate on defining
Space Station concepts to support the Human Exploration Missions, the Mission to Planet Earth studies,
the continued growth of a multidiscipline Space Station, as well as to identify technology needs. Another
important objective is to define and incorporate "scars and hooks™ in the baseline program to preserve the
capability for evolution.

The specific objectives of the SSF advanced development program are: (1) to enhance baseline Freedom
capabilities with an emphasis on increasing productivity and reliability; (2) to reduce operations costs;
and (3) to enable Space Station Freedom evolution by providing mature technology in areas required to
support advanced missions.
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BASIS OF FY 1990 ESTIMATE

The key FY 1990 activities are directly related to the upcoming program PDRs. In the near-term, the
Transition Definition program is aimed at defining required “hooks and scars" prior to the start of PDR
activities. What remains to be accomplished in FY 1990 is evaluating these design provisions at Level 1,
11, and 111 Change Boards.

During FY 1990, system studies and analysis efforts will build on previous work by narrowing the number
of evolution concepts under study. The reference concepts will then undergo feasibility studies at the
pre-Phase A level. These studies will include operations analyses to establish the system level
implications for the evolution of Station operations and utilization. Special emphasis will be placed on
identification of technologies necessary to enable evolution. Thus, a major product of the Transition
Definition program is definitized concepts at the system level that will accommodate the mission
requirements posed by NASA program offices.

The advanced development program for FY 1990 has two major thrusts: application development and
demonstrations, and technology development and evaluation. Tasks under application development and
demonstration address the application of knowledge-based system (KBS) technology to on-orbit system
control, ground operations support, and the Space Station information systems. The task set for 1989-1990
is aimed at understanding the "hooks and scars" associated with the application of KBS techniques to
thermal, electrical power, reaction control, health maintenance, scientific experimentation, data
management, command and control, and environmental control and life support systems. Tasks under
technology development and evaluation address advanced automation software development, advanced
computational hardware and environments, human factors, and robotics systems integration and
accommodation. Central to tasks under both thrusts are system engineering issues associated with the
integration of KBS applications with conventional automation techniques; requirements for on-board data
processing, storage, and communications capacity; software development, testing, and maintenance; and the
identification of the boundaries of KBS performance in terms of execution speed and application
complexity.
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BASIS OF FY 1990 FUNDING REQUIREMENT
ORBITAL DEBRIS RADAR

1989 1990
1988 Budget Current Budget
Actual Estimate Estimate Estimate

(Thousands of Dollars)
Orbital debris radar..................... -- -- -- 15,000

OBJECTIVES AND STATUS

This is the First SSF program budget submission for development and construction of an orbital debris
radar. Prior to ry 1990, a study effort was being funded by the Office of Space Flight, Advanced Programs
Office.

To address the growing national concern over the hazard posed by orbital debris to the space activities of
the U.S. requires information of two types: (1) long term monitoring of the small size debris to quantify
the trends in debris population, and (2) characterization and assessment of small size orbital debris.
Since the SSF is planned to be in orbit for as much as thirty years, it is absolutely vital that the
pressurized elements be designed and development to withstand as much of the orbital debris effects as
possible. This requires the construction and operation of a radar system that can both quantify and
characterize this debris.

The required information for Space Station is the population of one centimeter diameter debris particles
(limit of size which can be protected with shielding on the Station). Currently this information is not
available from other sources. Preliminary experiments have suggested that the population of this size
particles may be higher than expected, but to get definitive information additional measurements with the
proper characteristics in a different frequency band are needed.

The radar consists of a ten meter antenna and associated hardware and software to be built under a
competitive contract and managed by the Jet Propulsion Laboratory. The exact location of the radar has
not yet been determined but ideally it should be as close to the equator as possible in order to cover a
wide range of orbits. Once operational, the radar will be able to monitor objects as small as one
centimeter in diameter orbiting at five hundred kilometers. It will determine the radar cross-section,
altitude (plus or minus five kilometers), and the orbital inclination of the debris.
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BASIS OF FY 1990 ESTIMATE

The current schedule for design and construction of the radar consists of a competitive contract award in
July 1989, a 21-month design and construction period, and a six month ship, install, and test period.
This schedule would make the radar operational in October 1991. The key driver for maintaining this
schedule is the design of the SSF pressurized modules. In order to affect this design, information from
the radar analysis is needed prior to the critical design reviews, currently scheduled to occur in early
1992. Any delay in the initiation of the radar development will preclude availability of design data in
time to influence the critical design efforts. Funding is needed in FY 1990 for the orbital debris radar
design and construction work that will lead to obtaining the necessary data in a timely manner.
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RESEARCH AND DEVELOPMENT
FISCAL YEAR 1990 ESTIMATES
BUDGET SUMMARY
OFFICE OF SPACE FLIGHT SPACE TRANSPORTATION CAPABILITY DEVELOPMENT

SUMMARY OF RESOURCES REQUIREMENTS

1989 1990
1988 Budget Current Budget Page
Actual Estimate Estimate Estimate Number
(Thousands of Dol lars)

Spacelab........cooiiiiiiii i e 66.500 80.400 88.600 98.900 RD 2-6
Upper Stages.......vcvvivirnnnnnnnnnennnns 142.200 146.200 138.800 88.600 RD 2-9
Engineering and technical base........... 133.900 158.900 155.400 189.800 RD 2-11
Payload operations and support

eqUIPMENT. ..ttt it iiiie e 80.900 67.300 64.700 81.100 RD 2-14
Advanced programs..........oveeeeeeennnns 46.400 45.000 52.700 48.700 RD 2-16
Advanced launch systems.................. 65.100 13.000 81.400 5.000 RD 2-19
Tethered satellite system................ 12.100 23.800 26.400 19.900 RD 2-21
Orbital maneuvering vehicle.............. 46.300 96.500 73.000 107.000 RD 2-22
Total. ..o i e e 593.400 631.100 681,000 639,000

Distribution of Program Amounts Bv Installation

Johnson Space Center..............c.on.t. 121.800 146.000 145.400 180.200
Kennedy Space Center..................... 62.500 78.400 78.400 88.800
Marshall Space Flight Center............. 364.100 329.500 375.000 290.900
Stennis Space Center..............coovnn 9.800 5.600 5.700 5.800
Goddard Space Flight Center.............. 4.200 6.400 7.900 6.400
Jet Propulsion Laboratory................ 2.100 1.500 4.100 1.200
Langley Research Center.................. 1.100 800 1.400 1.400
Lewis Research Center.................... 1.700 500 2.200 1.800
Ames Research Center..................... 1.200 1.300 -- --
Headquarters.........cooeiiininnnnnnnnnns 24.900 61.100 60.900 62.500
Total.......coi i 593,400 631.100 681.000 639.000
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RESEARCH AND DEVELOPMENT

FISCAL YEAR 1990 ESTIMATES
OFFICE OF SPACE FLIGHT SPACE TRANSPORTATION PROGRAM
PROGRAM OBJECTIVES AND JUSTIFICATION

The principal areas of activity in Space Transportation Capability Development include the Spacelab; the
Upper Stages required to place satellites in high altitude orbits; the Engineering and Technical Base
support at the manned space flight centers; Payload Operations and Support Equipment for accommodating
NASA payloads; Advanced Programs study and evaluation efforts; Advanced Launch Systems efforts; the design
and development of the United States/Italian Tethered Satellite System; and the development and first
flight of the Orbital Maneuvering Vehicle.

Spacelab was developed jointly by NASA and the European Space Agency (ESA). It is a major element of the
Space Transportation System (STS) that provides a versatile, reusable laboratory which is flown to and
from Earth orbit in the orbiter cargo bay. The development program continues with a recertification
program to insure Fflight safety, the procurement of flight hardware to support the flight program and
necessary modifications including replacing the onboard computer system.

Upper Stages are required to deploy payloads to orbits and trajectories not attainable by the Shuttle or
core stage expendable launch vehicles alone. The program provides for procurement of stages for NASA
missions, for technical monitoring and management activities for government and commercial Upper Stages,
and a solid rocket motor integrity program to establish an engineering data base for improving the success
rate of U. s. built solid motors.

The Engineering and Technical Base provides the core capability for the engineering, scientific, technical
and Safety, Reliability and Quality Assurance (SR&QA) support required at the Johnson Space Center (JSC),
the Kennedy Space Center (KSC), the Marshall Space Flight Center (MSFC), and the Stennis Space Center
(SSC) for research and development activities. Additional requirements above the core level of capability
are funded by the benefiting programs.

The Payload Operations and Support Equipment program develops and places into operational status the
ground and Fflight systems necessary to support the NASA STS payloads during prelaunch processing, on-orbit
mission operations and, when appropriate, post-landing processing. Included within this program area are
the STS optional services for NASA payloads, and multi-mission payload support equipment.
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Advanced Programs conducts concept feasibility studies and selected system definitions and preliminary
design (Phase B) studies and undertakes related high leverage advanced development to provide the
technical and programmatic data to identify evolving space transportation and system requirements and to
evaluate new space transportation initiatives. \Complementary objectives are to assimilate generic
technology and advanced planning activities, and to provide an advanced planning programmatic link between
the Office of Space Flight and other NASA program offices.\ Activity is focused on four major
areas--advanced transportation, advanced operations support, satellite servicing and advanced missions.
Concept definition and key advanced development are under way and planned in these areas to assess
performance, reliability and operational efficiency improvements, and to reduce future program risks and
development costs through the effective use of new technology. Included as part of the Advanced Programs
Development Program are definition studies of a Assured Crew Return Capability (ACRC) to provide
approaches for additional crew return capability from the Space Station manned base.

| The Advanced Launch System (ALS), as outlined in the joint DoD/NAaSA Report to Congress, is a joint
DOD/NASA program to develop and field this nation®s next generation of unmanned launch system. The ALS
program will permit this nation to achieve the goal of reduced cost to space. Both NASA and the DOD are
moving aggressively forward with ALS and are jointly managing the effort. Consistent with the ALS
agreement, the DOD includes funding for the joint programs in their budget submission. In FY 1988 and

FY 1989, the Congressional appropriations transferred to NASA funding for the NASA managed portion of the
joint effort. The FY 1990 request for the joint program is included in the DOD budget in anticipation of
similar appropriations actions.! NASA has requested separate funds for study efforts for unique civil
mission requirements not satisfied in the joint DoD/NASA ALS baseline design.

The Tethered Satellite System (TSS), a joint Italian/United States development effort, will provide a new
reusable facility for conducting space experiments and unique tethered applications in regions remote from
the Shuttle orbiter. The objectives of the initial TSS mission are twofold: (1) to verify the controlled
deployment, operation, and retrieval of the TSS, and (2) to quantify the interaction between the
satellite/tether and space plasma in the presence of a electrical current drawn through the tether.

The development of the Orbital Maneuvering Vehicle (OMV), initiated in 1986, will provide a capability for
payload delivery, retrieval, and servicing beyond the reach of the Space Shuttle or the Space Station.

OBJECTIVES AND STATUS

Four dedicated Spacelab flights have been flown on the STS including the first Spacelab reimbursable
flight, Deutschland-1 (D-1). [In addition, several smaller Spacelab elements have flown on other STS
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flights as partial payloads. These flights have demonstrated the unique capabilities and benefits offered
by many of the Spacelab elements. The Spacelab &stro-1 mission, scheduled for the first quarter of

CY 1990, will be the verification mission of the Igloo Pallet Configuration of the Spacelab Pallet System
(SPS). The Enhanced tMultiplexer/Demultiplexer Pallet (EMP) will be verified with the tether satellite
system mission. Preparations are now in process for resumption of Spacelab operational flights for DOD,
international, and NASA scientific experiments.

In Upper Stages, funding is included for production, launch, flight support, and integration of Inertial
Upper Stage (IUS) vehicles to accommodate the TDRS E and F missions, and the Magellan, the Galileo and
Ulysses (including a PAM-S vehicle) planetary missions. The IUS was developed under a DOD contract to
provide the capability to place payloads of up to 5,000pounds into geosynchronous orbit.

The Transfer Orbit Stage (TOS) is a three-axis stabilized perigee stage that is being commercially
developed by the |Orbital Sciences Corporation)for use with the Shuttle or on Titan 111. It will have the
capability of placing up to 13,000pounds into geosynchronous transfer orbit. Production, integration and
launch operations for a TOS vehicle for the Mars Observer (MO) is included in the FY 1990 budget. MO will
be launched on a Titan 111. Funding for a second TOS stage for the Advanced Communications Technology
Satellite (ACTS) mission, proposed for termination in the budget, is included through FY 1989 only.

The Solid Propulsion Integrity Program (SPIP) objective is to establish the necessary engineering
capability for improving the success rate of U. s. manufactured solid rocket motors. The initial phase of
the program, started in 1984, has made excellent progress in determining root causes and solutions to the
persistent problems plaguing motor nozzles. The results and findings have been used in the Shuttle Solid
Rocket Motor redesign effort. The program scope is being expanded to examine motor bondlines as well as
continuing the nozzle efforts.

In Payload Operations and Support Equipment, payload integration support and payload-related hardware are
developed and furnished for NASA payloads. Multi-mission payload support equipment is developed and
procured including fiber optic cabling and equipment for communication links between the payload
processing facilities; standard sets of wire harnesses for interconnection of mixed cargoes in the orbiter
payload bay; and payload displays and controls in the orbiter vehicle crew cabin.

In Advanced Programs, concept definition and key advanced development are underway to assess performance,
reliability, and operational efficiency improvements, and to reduce future program risks and development
costs through the effective use of new technology. Advanced transportation study efforts focus on cargo
vehicles, manned vehicles, and space transfer vehicles. Studies are underway to define the evolution of
manned vehicles, including Space Shuttle enhancement concepts (Shuttle Block I1), and next generation
concepts (Shuttle 11). In addition, definition studies are underway to analyze mission requirements for
the design and development of an assured crew return capability (ACRC) from the Space Station. Advanced
operations support systems efforts focus on the study and assessment of innovative ground, flight and
on-orbit
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operations techniques to achieve improved safety as well as reduced life-cycle costs for space
transportation and orbital systems. The complementary Advanced Operation Effectiveness activity will
focus on demonstration of autonomous and expert systems technology to improve the safety and reduce the
costs of Shuttle operations. The satellite servicing study effort, encompassing satellite servicing
systems and tether applications, focuses primarily on the development of systems and procedures designed
to utilize Shuttle capabilities that are compatible with the Space Station and the Orbital Maneuvering
Vehicle. Advanced missions activity will continue to focus, with expanded scope and increased depth, on
potential manned and unmanned missions beyond the Space Station. Focused orbital debris studies,
augmented by the development of a debris measurement radar by the Office of Space Station, will be
continued.

Studies, with a directed focus building upon the joint pob/Nasa Advanced Launch System (ALS) baseline
design, are planned to examine vehicle and propulsion systems to satisfy national requirements. The
ALS-Propulsion Focused Technology program, a NASA-managed element of the core DoD/NASA ALS program, is
focused on demonstrating the performance and operating capabilities of critical propulsion system
components. FY 1990 funding for continuation of this efforts is included in the DOD budget request.

The Tethered Satellite System (TSS) will provide a Shuttle-based facility for electrodynamic and upper
atmospheric research. Hardware development was initiated in FY 1984 and systems definition studies were
completed in FY 1985. Comprehensive design and requirements validation, procurement of flight hardware
elements and tooling, systems development and integration, and deployer manufacturing and integration will
continue through 1990. The Italians started satellite and core equipment development in FY 1984. U. s.
science instruments for the satellite are being funded in the Space Science and Applications budget. A
cooperative first flight for systems validation and electrodynamic research is presently planned -for 1991.

The Orbital Maneuvering Vehicle (oMvV) is a reusable, remotely operated space tug with the capability to
deliver, retrieve and service payloads and spacecraft deployed from the Space Shuttle or Space Station
over a wide range of altitudes and inclinations. The development contract was initiated in late 1986
with a planned initial capability in 1991. Based on budgetary reductions and current Shuttle manifest
planning, the initial capability requirement has been rescheduled to FY 1994. Uses of the oMv will
include supporting scientific experiments and tests and the Space Station as well as satellite servicing
and reboost. The FY 1990 budget request includes funds for continuation of the design and development,
initial testing, and production of flight hardware.
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SPACELAB

1989 1990
1988 Budget Current Budget
Actual Estimate Estimate Estimate

(Thousands of Dollars)

Development........covviiiiinnnnnnennnnns 18,700 15,300 18,000 12,000
OperationS. ...ouv v riiinnnnrrrnrnnnnnss 47.800 65.100 70.600 86.900
Total. ... e e 66.500 80,400 88.600 98.900

OBJECTIVES AND STATUS

The Spacelab is a versatile facility designed for installation in the cargo bay of the orbiter which
affords scientists the opportunity to conduct scientific experiments in the unique environment of space.
The reusable Spacelab system enhances the advancement of scientific research by serving as both an
observatory and laboratory in space. Ten European nations, including nine members of the European Space
Agency (ESA), have participated in this joint development program with NASA. ESA designed, developed,
produced, and delivered the first Spacelab hardware consisting of: a pressurized module and unpressurized
pallet segments, an Igloo which is used with pallets to supply equipment, computers and services essential
to the experiments, an instrument pointing subsystem (IPS), and much of the ground support equipment and
software for both flight and ground operations.

NASA procured an additional set of Spacelab hardware from ESA under terms of the ESa/Nasa Memorandum of
Understanding and the Intergovernment Agreement. The remaining NASA funded development activities include
additional hardware to complete the Spacelab system, ground support equipment, hardware modifications,
hardware acquisition, system recertification, and qualification and procurement of reliable and high
capacity aP-101SL computers. Support software and procedures development, testing, and training
activities not provided by ESA, which are required for the Spacelab, are also included in NASA"s funding.
Additional Spacelab hardware, including the initial lay-in of spare hardware, is being procured from
European and U. S. sources.

'NASA has developed two principal versions of the Spacelab Pallet System (sPS):| one will support missions
requiring the igloo and pallet in a mixed cargo configuration like the Astro series; the other version
will support missions that do not require use of the igloo such as the Space Technology Experiment
Platform (STEP) and the Tethered Satellite System. Development of the Hitchhiker system is nearly
complete. The Marshall Space Flight Center (MSFC) version of the Hitchhiker will fly at the next
available opportunity.



The Spacelab operations budget includes mission planning, mission integration, and flight and ground
operations. This includes integration of the flight hardware and software, mission independent crew
training, system operations support, payload operations control support, payload processing, logistical
support and sustaining engineering.

Previous major Spacelab missions include Spacelab-1 flown in FY 1984 and Spacelab-3 and Spacelab-2 which
were Flown in Fv 1985. The Ffirst Spacelab reimbursable flight, Deutschland-1 (D-1), was Flown during the
first quarter of Fv 1986. astro-1, originally planned for flight in FY 1986 for observation of Halley"s
Comet, was delayed to FY 1990 due to the January 1986 Shuttle accident. The initial flight of the Goddard
Space Flight Center Hitchhiker (HG-1) took place in the first quarter of FY 1986.

In addition to these missions, analytical and physical integration, configuration management, and software
development for future Fflights will be conducted. Procurement of spares for both NASA-developed hardware
and for hardware developed by U, s. companies under contract with ESA will continue throughout FY 1989 and
Fv 1990 as will operation of the depot maintenance program for U, S.-provided and European-supplied
hardware.

CHANGES FROM FY 1989 BUDGET ESTIMATE

The $8.2 million increase is to support an acceleration of flight opportunities allowed by an increase in
the downweight capability of OV-102 and a reduction in DOD flight requirements. Additional flight
hardware, direct mission and mission related manpower, and payload operations control center activities
are required to support the acceleration of one additional major mission in Fy 1990 (sLs-1), in FY 1991
(Atlas L) and in Fy 1992 (Astro-2).

BASIS OF FY 1990 ESTIMATE

The FY 1990 request reflects an increase in the scheduling and frequency of Spacelab missions which had
been significantly delayed by the Challenger accident. Funding provides for the integration and payload
processing of three to four major and three to four secondary missions per year.

The F¢ 1990 development funds are required to procure additional computers and experiment hardware to
support an accelerated and more active Spacelab traffic flow which otherwise would create hardware
shortages. The Spacelab flight hardware recertification, the Hitchhiker programs, and the Enhanced
Multiplexer Pallet System (EMPS) are scheduled for completion in FY 1990.

The FY 1990 operations funds are required to support payload operations and to continue payload

integration support, mission independent training, and logistics support. This support includes
analytical integration, configuration management, hardware integration and software development and
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integration. Spacelab operations also provides for replenishment spares, the operation of the depots for
both U. S. and European hardware and software, and sustaining engineering of all hardware and software.
Funding is also included for the Getaway Special (GAS) program which was transferred from Shuttle

Operations in FY 1989.

In addition to continuing operations support of the Spacelab mission planned through FY 1991, FY 1990
funding is required to begin mission integration and payload processing support for the U. s. Microgravity
Laboratory (USML) mission which is planned for flight in the second quarter of FY 1992.

In addition to NASA missions the Spacelab program will also support three (3) reimbursable missions: the
U. S. DOD Starlab, the Japanese SL-J, and the German D-2. Appropriated funding is combined with
reimbursable funding to support the total Spacelab operations requirements. In Fy 1990, $11.0Omillion of

reimbursable funds are anticipated.
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BASIS OF FY 1990 FUNDING REOUIREMENT

UPPER STAGES

1989 1990
1988 Budget Current Budget
Actual Estimate Estimate Estimate
(Thousands of Dollars)
Development.......vvviiiiinninrnnnnnnnsss 15,500 6,700 4,900 400
Procurement and operations............... 126,700 139.500 133.900 88.200
Total ..o e 142.200 146,200 138.800 88.600

OBJECTIVES AND STATUS

The STS upper stages are required to deploy payloads to orbits not attainable by the Shuttle or core stage
expendable launch vehicle alone. The Inertial Upper Stage (IUS), and the commercially developed Payload
Assist Modules (PAM-A, PAM-D and PAM-DII) are currently available for use. Several other upper stages are
now being commercially developed, including the Transfer Orbit Stage (T0S), which will become available
for use in the near future.

The IUS was developed under a DOD contract to provide the capability to place payloads of up to 5,000
pounds into geosynchronous orbit. The IUS has been launched from both the Shuttle and Titan 34-D
Expendable Launch Vehicle. Six IUS vehicles are under contract for launch of the Tracking and Data Relay
Satellite System (TDRSS) spacecraft. The first three were funded through the TDRSS contract while the
others are funded under this budget element. TDRS-D, TDRS-E and -F remain to be launched on the Shuttle.
In addition, IUS vehicles will be used for the Magellan, Galileo and Ulysses planetary launches.

A PAM is being procured as a kick stage in conjunction with the IUS for the Ulysses launch. This is the
only PAM in the current upper stage budget since the remaining NASA spacecraft that require PAM stages are
planned for launch on Delta launch vehicles. The PAM is procured as part of the Delta launch service and
therefore is included in the Expendable Launch Vehicle budget.

TOS is a three-axis stabilized perigee stage that is being developed commercially by the Orbital Sciences
Corporation for use with the Shuttle and the Titan 111. It will have the capability to place 6,000to
13,000 pounds into geosynchronous transfer orbit. One TOS/Titan IILI upper stage is being procured for the
Mars Observer mission to be launched in Fr 1992; funding of a T0s/Shuttle stage for ACTS is included
through FY 1989 only.
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The Solid Propulsion Integrity Program was initiated in FY 1984 to establish an urgently needed
engineering data base for use of composite materials in upper stage motor nozzles, to minimize risk to
planned missions and to restore user confidence in U. s. launch systems. Underlying root causes of
persistent problems in motor nozzles have been identified and required data is being generated. Work to
examine motor bondlines has been initiated, in addition to increasing the level of effort in motor nozzle
studies. The results of this program will continue to be used in support of the Shuttle Solid Rocket
Motor.

CHANGES AHROM FY 1989 BUDGET ESTIMATE

Funding for Upper Stages is reduced a net of $7.4 million, based on a delay in the funding requirements
for the planetary upper stages offset by the requirement to provide FY 1989 funding for a TOS stage for
ACTS, to modify the TDRS-F IUS for launch in the STS rather than a Titan, and additional funds for the
Solid Propulsion Integrity program.

BASIS OF Fy 1990 ESTIMATE
Development and Operations funds in FY 1990 are required to continue progress on the IUS Upper Stages for
TDRSS and for the Magellan, Galileo and Ulysses planetary missions and the TOS Upper Stage for Mars

Observer. Funding has not been included to continue the TOS stage for ACTS. FY 1990 funds are also
necessary to support continuation of the Solid Propulsion Integrity Program
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BASIS OF FY 1990 FUNDING R . EMENT

ENGINEERING AND TECHNICAL BASE

1989 1990
1988 Budget Current Budget
Actual Estimate Estimate Estimate

(Thousands of Dollars)

Research and test support................ 74,400 94,400 94,900 125,500
Data systems and flight support.......... 22,600 23,700 16,900 17,400
Operations SUPPOrt........covvevevenennn. 24,100 23,900 32,700 34,300
Launch systems support................... 12.800 16.900 10.900 12.600

Total.....ooii i e 133.900 158,900 155,400 189.800

OBJECTIVES AND STATUS

The Engineering and Technical Base (ETB) provides the program core capability required to sustain an
engineering and development base for various NASA activities at the manned space flight centers.
Additional center requirements above the core level are funded by the benefiting programs, such as Space
Transportation Operations and Shuttle Production and Capability Development. The centers involved are the
Johnson Space Center (JSC), the Kennedy Space Center (KSC), the Marshall Space Flight Center (MSFC), and
the Stennis Space Center (SS0).

The core level of support varies from center to center due to programmatic and institutional differences.
At JSC, the core level requirement is that one shift of operations be maintained in the engineering and
development laboratories and the White Sands Test Facility. Safety, reliability and quality assurance
(SR&QA) areas are also supported by the ETB core. The core level for the central computer complex is
established as a two-shift operation. At KSC, the core level provides for research and development of
technology to enhance launch site hardware, ground processing, support services; and SR&QA. ETB funds at
MSFC provide for multi-program support activities, including technical labs and facilities, computational
and communications services, and at SSC for test facility operations.

CHANGES FROM FY 1989 BUDGET ESTIMATE

The total funding for the ETB has decreased $3.5 million in FY 1989 as the result of reducing laboratory
support at JSC and KSC.
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BASIS OF FY 1990 ESTIMATE

The requested funding for ETB in FY 1990 not only provides for a continuation of the FY 1989 level of
support for required research and development facilities and services at the centers but enables necessary
increases in the core for sr&Qa requirements, upgrading of engineering labs and engineering support
services with state-of-the-art technology and capability to meet critical requirements for technology
development, and expanded Class VI computer capabilities at MSFC. FY 1990 funds will also support the
first full year of operations of the Class VI computer capability at JSC.

In research and test support, funding is required to support sR&QA activities at JSC, MSFC and KSC. In
addition, computational capabilities at MSFC are provided for engineering and science projects through the
use of a Class VI computer system. This capability is required for the solution of complex main engine
three-dimensional dynamics modeling problems and for complex structural analyses. At JSC, the requested
funding will provide for a five-day, one-shift operation for the engineering and development laboratories,
such as the Electronic Systems Test Laboratory and the Thermal Test Area, in addition to a Class VI
computer system. The computer is required to obtain numerical solutions of very large sector matrices for
the aerodynamics, thermodynamics and structural mechanics analysis associated with developing and
operating manned and robotic space systems.

Data systems and flight support provides a core level of support based on a five-day, two-shift operation
of the central computer complex at JSC. Any additional requirements are the responsibility of the
benefiting program.

Operations support funding provides for the maintenance of multi-program research and development
facilities and equipment, chemical cleaning, engineering design, technical analysis, component
fabrication, and logistics support. Examples of specific services to be provided in FY 1990 include:

(D operation and maintenance of specialized electrical and cryogenic systems; (2) operation of shops to
do metal refurbishing, anodizing, plating, stripping, and etching of selected hardware; (3) engineering,
installation, operation, and maintenance of closed circuit fixed and mobile television required for the
support and surveillance of tests; (4 mission imaging services, including audiovisual mission support;
(5) fabrication of models, breadboards, and selected items of flight hardware; and (6) technical
documentation services. In addition, FY 1990 funds will provide the basic level of collateral support at
SSC for continuing main engine testing activities.

In launch systems support, funding provides for the core capability for the engineering, scientific, and
technical support at KSC including technical labs and facilities such as the following labs: (1) launch
equipment test lab to develop, test and checkout ground support equipment, structures and pyrotechnics;
(2) materials science lab for materials testing and
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malfunction analysis; (3) robotics labs for developing robotic applications for payload preparation and
the launch environment; (4) digital electronics lab for testing and evaluating devices and circuits,
controls and displays and computer networks. In addition, funding supports several other labs critical to
launch support including the instrumentation and hazardous gas lab, fiberoptics/communication lab,
software development lab, atmospheric lab, expert systems lab, and the biomedical lab.
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BASIS OF FY 1990 FUNDING REOQUIREMENT
PAYLOAD OPERATIONS AND SUPPORT EOUIPMENT

1989 1990
1988 Budget Current Budget
Actual Estimate Estimate Estimate

(Thousands of Dollars)

Payload operations..........ccvovvuvvnnnn. 66,100 53,300 49,700 60,400
Payload support equipment................ 14.800 14.000 15.000 20.700
Total....oooii i e e 80.900 67,300 64.700 81.100

OBJECTIVES AND STATUS

The objectives of the Payload Operations and Support Equipment program are to provide payload services,
which are required beyond the basic STS standard services for all NASA missions and to provide
multi-mission support equipment in support of payload operations. Payload operations provide unique
hardware, analyses, and launch site support services to NASA missions. The payload support equipment
budget funds the development and acquisition of multi-mission reusable ground support equipment required
for a wide range of payloads. This includes test equipment required to checkout payload-to-orbiter
interfaces at KSC, mixed cargo hardware such as standard cable harnesses, and displays and controls
related to payload bay operations.

CHANGES FROM FY 1989 BUDGET ESTIMATE

Payload Operations requirements have decreased a net of $2.6 million reflecting reductions enabled by
deferring the replacement of the Super Guppy engines and by transferring ongoing advance development
activities for satellite servicing and flight demonstrations to Advanced Programs. The decrease is
partially offset by an increases to support Hubble Space Telescope launch-on-need planning, and
development of the remotely-operated electrical umbilical and the mid-deck accommodation rack.

BASIS OF FY 1990 ESTIMATE

Payload operations funding is required to furnish continued payload services for currently scheduled NASA
launches. Major NASA payloads receiving support during this year include Hubble Space Telescope (HST),
Tracking and Data Relay Satellite (TDRS), Galileo, Ulysses, Space Radar Laboratory (SRL), Space Life
Sciences Laboratory (SLS), Upper Atmospheric Research Satellite (UARS), Commercially Developed Space
Facility (CDSF), and Gamma Ray Observatory (GRO) Provision also has been made to replace outdated
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engines on the Super Guppy. In addition, funding is required to initiate technical integration and
operations activities to assure compatibility between Shuttle capabilities and Space Station
transportation requirements. Initial efforts are included to support development of a standard docking
module for the orbiter which would be used by the Space Station and other on-orbit docking requirements.
Private sector investment is being pursued for this development.

Payload support equipment estimates reflect the requirement to modify and upgrade selected payload
integration facilities for safer, more efficient operations. £y 1990 funding for multi-mission payload
support equipment is required for the development, testing and delivery of payload common communication
equipment (PCCE) to accommodate required payload data transmission, and initial spares provisioning for
Cargo Integration Test Equipment (CITE) and PCCE. Funds for fiber optic cabling and an upgraded
operational intercom system in the industrial area at KSC are included in this budget to provide increased
reliability and quality of data transmission among cargo facilities. Multi-mission payload support
equipment funding also includes orbiter/payload interface hardware for groups of payloads, cargo bay
cabling, modified aft flight deck panels, and associated display and controls.
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BASIS OF FY 1990 FUNDING REQUIREMENT
ADVANCED PROGRAMS

1989 1990
1988 Budget Current Budget
Actual Estimate Estimate Estimate

(Thousands of Dollars)
Advanced programs.......vvvvinnrreerrinns 46,400 45,000 52,700 48,700

OBJECTIVES AND STATUS

The principal objectives of Advanced Program Development are to conduct concept definitions, selected
system definition and preliminary design studies, and key advanced developments addressing civil
requirements for increased reliability, cost effectiveness, and capability in space flight systems.
Information from these studies will support decisions on the best alternatives for developing capabilities
required to support future civil mission options. High-leverage advanced development efforts will be
conducted to reduce future program development risks and costs through the effective application of new
technology. A complementary objective is to provide an advanced planning programmatic link between the
Office of Space Flight and other NASA program offices.

The Advanced Program Development effort is focused on four major areas--advanced transportation, advanced
operations support, satellite servicing, and advanced missions. Advanced transportation activities
include concept definition of manned launch vehicles and upper stages and systems definition of crew
return and cargo vehicles. For manned flight, parallel and complementary studies continue to support
Shuttle evolution and to develop the requirements and concepts for a next generation manned vehicle. NASA
and DOD continue closely related and coordinated cargo vehicle studies (Shuttle-C and the Advanced Launch
System) to define unmanned heavy lift launch vehicles to satisfy both near and long-term mission
requirements. \The Phase-B preliminary design phase for an assured crew return capability (ACRC) will be
initiated in support of the Space Station Freedom.) Studies in the upper stages area will include
assessment of possible upgrades to the existing Centaur and concept definition of a new, high-performance
cryogenic Space Transfer Vehicle to meet advanced missions requirements.

Efforts in advanced operations support systems continue to address advanced operations effectiveness as
the key parameter in reducing life-cycle costs for space transportation and orbital systems as well as
improving reliability and safety, Innovative operations techniques and approaches are under study and
being assessed for improvement of both ground and flight support systems. Advanced development emphasizes
demonstration of expert and autonomous systems technologies for current and future space transportation
vehicles.
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The satellite servicing program focuses primarily on the definition of systems and procedures designed to
enhance on-orbit servicing which utilize Shuttle and the planned Orbital Maneuvering Vehicle (oMv) and are
planned to be compatible with the Space Station. Studies are under way to define the servicing activities
associated with rendezvous and proximity operations from the Shuttle and remote servicing using the oMv,
The definition of tankers, couplings, telerobotic servicing aids, techniques and procedures to support
on-orbit servicing is also continuing in FY 1989. Transportation-related tether application studies are
continuing to define and implement flight experiments and demonstrations including orbital altitude
changes without the use of propellants, tether initiated recovery systems for returning small payloads and
articles from space, and innovative transportation systems concepts for automated and manned exploration
missions in and beyond Earth orbit.

Advanced mission efforts will continue to focus on potential manned and unmanned missions beyond the Space
Station. A major effort to define the orbital debris environment continues in FY 1989 along with studies
to investigate ways to minimize debris accumulation and to develop techniques for protection/avoidance
procedures for future space orbital systems. The development of the orbital debris radar will be provided
under the Space Station program, to begin in FY 1990

CHANGES FROM FY 1989 BUDGET ESTIMATE

Advanced Program Development funding increased by $7.7million due to the transfer of satellite servicing
activities formerly funded under Payload Operations and Support Equipment. The transfer resulted from an
administrative decision to consolidate satellite servicing funding and to improve management control and
accountability.

BASIS FOR FY 1990 ESTIMATE

In FY 1990, major emphasis will continue to be placed on concept definition, system definition, and
advanced development for advanced transportation, advanced operations, satellite servicing and advanced
missions. In the advanced transportation area, studies to define the evolution of manned vehicles,
including Space Shuttle improvement and concepts for the next generation manned launch system will be
continued. Funding of the ACRC Phase B definition effort will be continued in FY 1990. Definition of the
Space Transfer Vehicle will also continue as well as selected advanced development activities in cryogenic
storage and transfer, avionics and propulsion.

Advanced operations efforts will emphasize the identification and demonstration of technologies to improve
efficiency, flexibility and reliability of current and future space transportation systems. Included in
advanced operations is the selective application of expert systems, robotics, automation, and other
technologies to labor-intensive and hazardous operations. Launch processing systems, mission control
applications, flight planning, training, simulation and other environments will be targeted to demonstrate
emerging technologies for improve ground and flight operations.
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The satellite servicing area will explore effective manned and unmanned remote sorvicing concepts.
Systems, tools, and techniques will be defined to refuel, repair, and retrieve satellites on a routine
basis. Detailed engineering studies will continue to determine the efficiency of future tethered platform
apglications. Orbital debris studies will also continue to define performance sprivers for radar

Qeve lopment and operations and to better understand and model the orbital debrss environment.

Advanced missions beyond the Space Station will be studied with expanded scope and increased depth.

Studies will be conducted to identify potential demands on transportatioo systems to support agency new
initiative planning for human exploration missions (Lunar/Mars).
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BASIS FOR FY 1990 FUNDING REQUIREMENT
ADVANCED | AUNCH SYSTEM (ALS)

1989 1990
1988 Budget Current Budget
Actual Estimate Estimate Estimate

(Thousands of Dollars)

Advanced launch systems (civil).......... 13,000 6,500 5,000
Advanced launch systems (propulsion)..... 65.100 74.900
Total. ... e 65.100 13.000 81.400 5.000

OBJECTIVES AND STATUS

The objective of the joint DoD/NasAa Advanced Launch System (ALS) program is to define a new heavy lift
launch capability based on advanced technology which will reduce the cost of placing payloads in space.
As specified in the ALS management plan, the ALS propulsion advanced development program is led by NASA.
Initiated in FY 1987, the ALS propulsion advanced development (formerly the ALS propulsion focused
technology) program focuses on demonstrating the performance and operational capabilities of critical
propulsion system components prior to committing to a final design for the flight hardware design and
development program. This is an integral element in the joint program which is included in the DOD budget
request. In addition, NASA has the funding responsibility to satisfy unique civil requirements not
addressed by the joint ALS baseline design. The alLs/Civil studies, initiated in FY 1989, are to refine
the definition of civil mission requirements for the ALS program, define civil program requirements for
utilization of the ALS, and establish synergism between ALS and civil transportation elements.

CHANGES FROM FY 1989 BUDGET ESTIMATE

The decrease in FY 1989 for unique civil requirements reflects the reduced scope of planned studies
consistent with the deferral of ALS full-scale development activities. The DOD includes total funding for
the joint program activities in their budget request. The increase in propulsion advanced development
activities reflects the applicable portion of an appropriation transfer from DOD as directed by Congress.

BASIS FOR FY 1990 ESTIMATE

The joint DOD/NASA ALS program is in the Phase 11 systems definition stage. Complementary efforts by NASA
and DOD are underway to coordinate the ALS Advanced Development activities to most effectively utilize the
expertise and facilities of both agencies. These propulsion activities address components and subsystems
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including combustors, gas generators, turbopumps, control systems components and instrumentation, and
health monitoring system components and diagnostic sensors for liquid oxygen/hydracarbon and liquid
oxygen/liquid hydrogen engine systems. Some activity is also being devoted to mid-size solid rocket motor
components and combustion technology to support one unique ALS vehicle concept. Consistent with the
basic agreement, funding for the NASA activity to meet the joint requirements of this program is included
in the DOD budget request.

The aLs/civil studies will continue with emphasis on the accommodation of advanced missions for human and
robotic exploration of the solar system. Inherent in the"se studies is a series of trades to determine the
most effective means of providing services to nonstandard spacecraft and payloads. The focus of the
studies includes a transportation infrastructure study, payload interface definition, upper stages study,
examination of potential booster commonality, and requirements for vehicle man-rating.
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BASIS OF FY 1990 FUNDING REOUIREMENT

TETHERED SATELLITE SYSTEM

1989 1990
1988 Budget Current Budget
Actual Estimate Estimate Estimate

(Thousands of Dollars)
Tethered satellite system................ 12,100 23,800 26,400 19,900
OBJECTIVES AND STATUS

The development of a Tethered Satellite System (TSS) will provide a new reusable facility for conducting
space experiments at distances up to 100 kilometers from the Shuttle orbiter while being held in a fixed
position relative to the orbiter. A number of significant scientific and engineering objectives can be
uniquely undertaken with a TSS facility such as the observation of important atmospheric processes
occurring within the lower thermosphere, new observations of crustal geomagnetic phenomena, and entirely
new electrodynamic experiments interacting with the space plasma. This is being undertaken as a
cooperative development program with the Italian government. Formal signing by representatives of both
governments of a Memorandum of Understanding took place in March 1984.

The United States is responsible for overall program management, overall systems engineering and
integration, orbiter integration, ground and flight operations, development of the deployment mechanism
and provision of the non-European instruments (OSSA Funded). The U. s. effort was initiated in 1984. The
Italians are responsible for the design and development of the satellite and the European instruments
being flown on the joint missions. They initiated their development efforts in 1984.

CHANGES FROM FY 1989 BUDGET ESTIMATES

The $2.6 million increase will support necessary design changes to the mechanisms used to provide control
during deployment and retrieval and increase systems integration effort.

BASIS OF FY 1990 ESTIMATE

The FY 1990 funding supports continuation of TSS Development activities consistent with the planned
engineering verification flight (TSS-1) in early FY 1991. Current plans call for completion of U. s.
hardware assembly in FY 1989 followed by deployer qualification. Integration of the Italian-provided
satellite and the deployer-mounted science instruments is now planned to start at KSC in mid-FY 1990, in
time to prepare the TSS-1 for flight.
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BASIS OF FY 1990 FUNDING REOQUIREMENT

ORBITAL MANEUVERING VEHICLE
1989 1990
1988 Budget Current Budget
Actual Estimate Estimate Estimate

(Thousands of Dollars)
Orbital maneuvering vehicle.............. 46,300 96,500 73,000 107,000
OBJECTIVES AND STATUS

The reusable Orbital Maneuvering Vehicle (omv) will provide a new STS capability for conducting orbital
operations with spacecraft and payloads beyond the practical operational accessibility limits of the
baseline STS. By means of direct man-in-the-loop control, the 0tV is being designed to operate as far as
1200 nautical miles altitude above the orbiter. The omv will provide delivery, maneuvering, and retrieval
of satellite payloads to and from altit